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M A Y l i B ? 3 
FINAL R E P O R T 
ON 
" I N T E R R E L A T I O N S H I P S BETWEEN C H E M I C A L , P H Y S I C A L 
AND B I O L O G I C A L C O N D I T I O N S OF THE W A T E R S OF 
LAS VEGAS BAY OF LAKE MEAD" 
TO 
Las Vegas V a l l e y W a t e r D i s t r i c t 
3700 West C h a r l e s t o n B o u l e v a r d 
Las V e g a s , Nevada 89102 
FROM 
The U n i v e r s i t y of N e v a d a , Las Vegas 
Las V e g a s , Nevada 89154 
D r . James E. Deacon 
D r . R i c h a r d W . Tew 
D e p a r t m e n t of B i o l o g i c a l Sciences 
P E R S O N N E L 
This study was d i r e c t e d by Doctors James E. Deacon and 
R i c h a r d W . T e w . Field s u p e r v i s i o n , as well as a c o n s i d e r a b l e 
q u a n t i t y of l i t e r a t u r e review and data r e d u c t i o n and e v a l u a -
t i o n , was u n d e r the d i r e c t i o n of M r . Larry P a u l s o n . 
I d e n t i f i c a t i o n and c o u n t i n g of algae was c o n d u c t e d pri-
m a r i l y by M r s . Toni H e i n e r . Other personnel I n v o l v e d In 
v a r i o u s aspects of the study I n c l u d e : A1 E s p i n o s a , Jack 
F i s h e r , Karen H a r v i l l e , S c o t t M i l l e r , and Charles M i n c k l e y . 
I N T R O D U C T I O N 
This p r o g r a m was a status s t u d y of the i n t e r a c t i o n be-
tween Las Vegas W a s h , an e n r i c h e d s t r e a m , and Las Vegas B a y , 
a w e d g e shaped arm of one of the w o r l d ' s d e e p e r r e s e r v o i r s . 
The p r o g r a m c e n t e r e d p r i m a r i l y on i d e n t i f i c a t i o n and c o u n t i n g 
of p l a n k t o n i c algae from several points in Las Vegas B a y . 
A d d i t i o n a l work on n u t r i e n t e n r i c h m e n t of w a t e r samples was 
c o n d u c t e d to aid in i n t e r p r e t a t i o n of algal d i s t r i b u t i o n re-
lated to n u t r i e n t i n p u t . E x a m i n a t i o n of a v a r i e t y of p h y s i c a l , 
c h e m i c a l , and b i o l o g i c a l p a r a m e t e r s , both at many s u r f a c e points 
in the b a y , as well as in vertical p r o f i l e , was also a c c o m p l i s h e d 
and f u r t h e r aided i n t e r p r e t a t i o n of n u t r i e n t c y c l i n g , s o u r c e s 
of n u t r i e n t i n p u t and o t h e r l i m n o l o g i c a l events c o m m o n l y asso-
ciated with the process of e u t r o p h i c a t i o n . One copy of data 
is p r o v i d e d as an a p p e n d i x to this r e p o r t . O t h e r copies are 
a v a i l a b l e on r e q u e s t . 
An i n t e n s i v e s a m p l i n g p r o g r a m has been the core of the 
p r o j e c t . Fifteen s t a t i o n s w e r e located to p r o v i d e an "early 
w a r n i n g " n e t w o r k for d e t e c t i o n of d i r e c t e d m o v e m e n t of w a t e r 
bodies or s t r a t a in the b a y , r e l i a b i l i t y in e v a l u a t i o n of 
s u r f a c e p l a n k t o n d i s t r i b u t i o n s , and r e f e r e n c e points for 
e x p l o i t a t i o n of u n a n t i c i p a t e d o p p o r t u n i t i e s . These s t a t i o n s 
w e r e v i s i t e d a p p r o x i m a t e l y w e e k l y d u r i n g the c o n t r a c t period 
for p l a n k t o n s a m p l e s to e v a l u a t e b i o l o g i c a l l y - i n d u c e d or biol-
o g i c a l l y - r e s p o n s i v e changes as c u m u l a t i v e indices of the 
chemical status of the s y s t e m . E v a l u a t i o n of results was 
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aided by d e t e r m i n a t i o n s of depth p r o f i l e s of the s t a n d a r d 
l i m n o l o g i c a l p a r a m e t e r s : t e m p e r a t u r e , a m e a s u r e of the d e g r e e 
of s t r a t i f i c a t i o n or m i x i n g of a l a k e , o x y g e n , pH and o x i d a t i o n -
r e d u c t i o n p o t e n t i a l . C o n d u c t i v i t y , to i d e n t i f y i s o t h e r m a l y e t 
s a l i n e d i s c o n t i n u i t i e s and e s p e c i a l l y the l o c a t i o n of the flow 
from Las Vegas W a s h , was also m e a s u r e d . 
C o l o n i e s or u n i c e l l u l a r p l a n k t o n w e r e c o u n t e d to d e t e r m i n e 
d i s t r i b u t i o n versus time over the bay s u r f a c e . D i s t r i b u t i o n 
and d e n s i t y , rather than p r o d u c t i v i t y , was of p r i m a r y i n t e r e s t ; 
a l t h o u g h e v i d e n c e for growth or a c c u m u l a t i o n at given points 
was also o b t a i n e d . 
Chemical a n a l y s e s for p r i n c i p a l anions and cations (such 
as s u l f a t e , c h l o r i d e , sodium and p o t a s s i u m ) and m a j o r n u t r i e n t s 
(such as p h o s p h a t e ) were p e r f o r m e d in c o o p e r a t i o n with D e s e r t 
R e s e a r c h I n s t i t u t e and E n v i r o n m e n t a l P r o t e c t i o n A g e n c y . Counts 
of total and c o l i f o r m b a c t e r i a w e r e made on s a m p l e s from ver-
tical p r o f i l e s at various times to e s t a b l i s h the reason for 
the pattern of oxygen d e p l e t i o n f o u n d . 
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M E T H O D S 
S a m p l i n g S t a t i o n s 
The l o c a t i o n s of 16 s a m p l i n g s t a t i o n s a p p e a r in Figure 
1. It is c o n v e n i e n t to group these s t a t i o n s as f o l l o w s : 
a) Station 1 6 , Las Vegas W a s h ; b) S t a t i o n s 1 , 2 and 3 , inner 
bay; c) S t a t i o n s 4 , 5 , 6 and 7 , m i d d l e b a y ; d) S t a t i o n s 8 , 9 , 
1 0 , 1 1 , 1 2 , 13 and 1 4 , o u t e r bay; and e) Station 1 5 , w a t e r 
intake t o w e r . 
A l t h o u g h the d e s i g n a t i o n s " i n n e r " , " m i d d l e " , and "outer" 
bay w e r e i n t e n d e d as a c o n v e n i e n c e , they are a c t u a l l y j u s t i f i e d 
by s u b s u r f a c e t o p o g r a p h y . 
S t a t i o n s 4 and 8 are c e n t e r channel s t a t i o n s at points 
of t r a n s i t i o n from i n n e r - t o - m i d d l e and m i d d l e - t o - o u t e r b a y . 
S t a t i o n s 1 , 2 , 3 , 4 , 8 , 11 and 14 are located at d e e p e s t 
p o i n t s , the r e m a i n d e r of the s t a t i o n s w e r e located by d i v i d i n g 
the bay into n u m b e r e d s q u a r e s , and s e l e c t i n g from a table of 
random n u m b e r s . 
Buoys located at each station p r o v i d e boat a n c h o r a g e s 
and p r e v e n t hit or miss s a m p l i n g . 
P h y t o p l a n k t o n A s s a y 
The e x i s t e n c e of small algal p o p u l a t i o n s n e c e s s i t a t e d 
c o n c e n t r a t i o n by a p r o c e d u r e r e s u l t i n g in the least p o s s i b l e 
damage to the l a r g e s t p e r c e n t a g e of the p o p u l a t i o n . A f i l t r a -
tion p r o c e d u r e seemed m o s t s u i t a b l e since c e n t r i f u g a t i o n pro-
duced i n t o l e r a b l e damage to a n u m b e r of o r g a n i s m s c o m p r i s i n g 
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Figure 1. L o c a t i o n of s a m p l i n g s t a t i o n s in Las Vegas B a y , 
Lake M e a d , N e v a d a . 
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a large f r a c t i o n of the total c o u n t . For i n s t a n c e d i n o f l a g e l l a t e s 
may be r u p t u r e d by stress as mild as m e r e l y tapping a cover 
s l i p . T h e r e f o r e , p l a n k t o n m e t h o d s i n v o l v e d : 1) I d e n t i f i c a t i o n 
in intact s a m p l e s if o r g a n i s m c o n c e n t r a t i o n s are s u f f i c i e n t l y 
h i g h , 2) i d e n t i f i c a t i o n , and d e t e r m i n a t i o n of p e r c e n t a g e a l i v e , 
in f i l t e r e d a l i q u o t s , 3) c o u n t i n g of s a m p l e s p r e p a r e d by the 
F e r g u s o n - W o o d m e t h o d (see b e l o w ) . 
A l t h o u g h c o l o n i e s and u n i c e l l u l a r forms w e r e e n u m e r a t e d 
on an equal b a s i s , the n u m b e r of cells per colony w e r e d e t e r -
mined for g e n e r a c o m p r i s i n g a d o m i n a n t f r a c t i o n of the p h y t o -
p l a n k t o n . 
P r e p a r a t i o n for i d e n t i f i c a t i o n and d e t e r m i n a t i o n of live/ 
dead ratios was done by f i l t r a t i o n of a 200 ml a l i q u o t g e n t l y 
through a f i l t e r until only a p p r o x i m a t e l y 2 ml liquid v o l u m e 
r e m a i n e d above the f i l t e r . This liquid is used via c a p i l l a r y 
pi pet to wash the o r g a n i s m s off the f i l t e r and into s u s p e n s i o n . 
The s u s p e n s i o n is then used as a c o n c e n t r a t e d s a m p l e for identi-
f i c a t i o n . R e p r e s e n t a t i v e c o n c e n t r a t e s w e r e p r e s e r v e d in c h r o m i c 
acid for future r e f e r e n c e . 
The F e r g u s o n - W o o d m e t h o d i n v o l v e s f i l t r a t i o n of a 200 ml 
(or s u i t a b l e ) a l i q u o t of s a m p l e through a m i l l i p o r e f i l t e r . 
The filter is dried and cleared with i m m e r s i o n oil and 1/4 
of the filter is m o u n t e d on a slide u n d e r a c o v e r s l i p . A 
p e r m a n e n t m o u n t r e s u l t s . The 200 ml aliquots w e r e removed 
from a s a m p l e c o l l e c t e d by c o m b i n i n g three s e p a r a t e one liter 
s u b - s a m p l e s c o l l e c t e d from the same s i t e . S t a t i s t i c a l a n a l y s i s 
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of several s a m p l e s c o l l e c t e d from one location in this m a n n e r 
i n d i c a t e d that s i g n i f i c a n t d i f f e r e n c e s did not e x i s t b e t w e e n 
s a m p l e s . C o l l e c t i o n of fewer s u b - s a m p l e s on the o t h e r hand 
i n d i c a t e d c o n s i d e r a b l e v a r i a b i l i t y . We t h e r e f o r e c o n c l u d e d 
that c o l l e c t i o n of three s e p a r a t e one liter s u b - s a m p l e s pro-
vided an a d e q u a t e sample of the p h y t o p l a n k t o n at that location 
and t i m e . Tests for s i g n i f i c a n t d i f f e r e n c e s in d i s t r i b u t i o n 
of p h y t o p l a n k t o n on each q u a r t e r of the same filter also 
i n d i c a t e d that d i f f e r e n c e s are n o t s t a t i s t i c a l l y s i g n i f i c a n t . 
The s t a t i s t i c a l p r o c e d u r e s used to a r r i v e at the above con-
c l u s i o n s are d i s c u s s e d in a later s e c t i o n of this r e p o r t . 
N u t r i e n t E n r i c h m e n t 
N u t r i e n t e n r i c h m e n t s t u d i e s w e r e c o n d u c t e d by adding 
1 ml of a n u t r i e n t s o l u t i o n to 99 ml of w a t e r taken from 
S t a t i o n s 1 and 14. The s o l u t i o n s w e r e mixed a c c o r d i n g to 
r e c o m m e n d a t i o n s m a d e by G e r l o f f (personal c o m m u n i c a t i o n ) . 
These e n r i c h e d s a m p l e s of lake w a t e r w e r e i n c u b a t e d at a m b i e n t 
t e m p e r a t u r e for two w e e k s under 100 fc i l l u m i n a t i o n . The 
i n c u b a t e d s a m p l e s w e r e then t h o r o u g h l y m i x e d , all algae s c r a p e d 
from the sides and the m i x e d s a m p l e read on a B and L S p e c t r o n i c 
20 at a w a v e l e n g t h of 525 m u . A control w i t h o u t n u t r i e n t s 
added was used to assess w h e t h e r or not any a d d i t i o n a l growth 
of algae o c c u r r e d t h a t w o u l d not have o c c u r r e d w i t h o u t n u t r i e n t 
e n r i c h m e n t . In a few cases there was less growth in some sam-
ples with certain n u t r i e n t s added than o c c u r r e d in the c o n t r o l . 
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Usually all test samples showed more growth than o c c u r r e d in 
the control h o w e v e r . 
C h l o r o p h y l l A n a l y s i s 
C o n c e n t r a t i o n s of c h l o r o p h y l l s A , B , C , and astacin and 
n o n - a s t a c i n c a r o t e n o i d s w e r e m e a s u r e d by a c e t o n e e x t r a c t i o n 
of p i g m e n t s from m a t e r i a l c o n c e n t r a t e d on a m i l l i p o r e f i l t e r . 
Samples w e r e c o l l e c t e d and f i l t e r e d as p r e v i o u s l y d e s c r i b e d 
under p h y t o p l a n k t o n m e t h o d s . P i g m e n t c o n c e n t r a t i o n s w e r e 
e s t i m a t e d by using f o r m u l a e p r e s e n t e d by P a r s o n s and S t r i c k l a n d 
(1968) to c o n v e r t r e a d i n g s from a B and L S p e c t r o n i c 20 to 
o 
p i g m e n t c o n c e n t r a t i o n s in m g / m . C o r r e c t i o n s for p h a e o p h y t i n 
w e r e not i n c l u d e d in the e x t r a c t i o n t e c h n i q u e . 
Physical Data 
Data on t e m p e r a t u r e , c o n d u c t i v i t y , D . O . , p H , and redox 
p o t e n t i a l w e r e m e a s u r e d at 5 m e t e r i n t e r v a l s in a vertical 
p r o f i l e at each station with a H y d r o l a b . This unit is cali-
brated m o n t h l y , or when p e c u l i a r r e a d i n g s are e n c o u n t e r e d 
w h i l e s a m p l i n g . A record is c o m p i l e d from each c a l i b r a t i o n 
c h e c k , should q u e s t i o n s arise c o n c e r n i n g the a c c u r a c y of the 
u n i t . The p r o c e d u r e s for c a l i b r a t i o n checks are o u t l i n e d as 
f o l l o w s for each p a r a m e t e r m e a s u r e d . 
Oxygen c a l i b r a t i o n is c h e c k e d by one of three m e t h o d s : 
1) W i n k l e r d i s s o l v e d oxygen t e s t , (this is the test m o s t c o m m o n l y 
u s e d ) 2) c o m p a r i s o n with O2 s o l u b i l i t y t a b l e s , 3) air c a l i b r a -
tion using a special a d a p t e r d e v e l o p e d by H y d r o l a b C o r p o r a t i o n 
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s p e c i f i c a l l y for oxygen c a l i b r a t i o n . 
The t e m p e r a t u r e probe is c a l i b r a t e d a g a i n s t a p r e c i s i o n 
hand t h e r m o m e t e r (U.S. Bureau of S t a n d a r d s C a l i b r a t i o n ) . Two 
s o l u t i o n s are u s e d , one r e l a t i v e l y h o t , the o t h e r c o l d . 
The pH e l e c t r o d e s are s t a n d a r d i z e d with two s t a n d a r d 
b u f f e r s o l u t i o n s (pH 4. and pH 8 . ) . In a d d i t i o n to t h i s , a 
portion of the w a t e r in which the H y d r o ! a b sond unit is sub-
mersed is r e m o v e d and c h e c k e d a g a i n s t a C o r n i n g Model 12 pH 
m e t e r . This is then c o m p a r e d to the reading of the H y d r o l a b 
Unit for that w a t e r . 
To c a l i b r a t e the c o n d u c t i v i t y probe s a l t s o l u t i o n s w e r e 
p r e p a r e d e n c o m p a s s i n g the range of c o n d u c t i v i t i e s g e n e r a l l y 
e n c o u n t e r e d in Las Vegas Bay and Vegas W a s h . The c o n c e n t r a t i o n s 
of these s o l u t i o n s are 5 0 0 , 7 0 0 , 9 0 0 , 2 , 0 0 0 , and 5,000 mg/1 N a C l . 
A c o n v e r s i o n from mg/1 NaCl to m i c r o m h o s / c m is i n c l u d e d b e l o w : 
C o n v e r s i o n table from Hach I n s t r u c t i o n M a n u a l . 
500 mg/1 = 1008 m i c r o m h o s / c m 
700 mg/1 = 1410 m i c r o m h o s / c m 
900 mg/1 = 1806 m i c r o m h o s / c m 
2000 mg/1 = 3830 micro m h o s / c m 
5000 mg/1 = 9240 m i c r o m h o s / c m 
A l s o , m e a s u r e d c o n d u c t i v i t i e s are c o m p a r e d with r e a d i n g s from 
a Hach Model 2200 c o n d u c t i v i t y m e t e r . 
A f t e r initial redox l a b o r a t o r y c a l i b r a t i o n is c o m p l e t e d 
a c a l i b r a t i o n value is e l e c t r o n i c a l l y locked into the u n i t . 
The c a l i b r a t i o n check is made by m e r e l y turning a dial on 
the i n s t r u m e n t m o d u l e to o f f s e t and the check is c o m p l e t e . 
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R E S U L T S 
S t a t i s t i c a l A n a l y s i s of S a m p l i n g T e c h n i q u e s 
I n t r o d u c t i o n 
Several p r o c e d u r e s are c u r r e n t l y a v a i l a b l e for e n u m e r a t i n g 
f r e s h w a t e r p h y t o p l a n k t o n . Lund et a l . (1958) d e s c r i b e d an 
e n u m e r a t i o n p r o c e d u r e using the i n v e r t e d m i c r o s c o p e . The tech-
nique is a d e q u a t e s t a t i s t i c a l l y , but the n e c e s s a r y e q u i p m e n t 
is not always a v a i l a b l e at small i n s t i t u t i o n s . S e r f l i n g (1949) 
and M c A l i c e (1971) i n t e n s i v e l y e v a l u a t e d the S e d g w i c k - R a f t e r 
method of s a m p l i n g p h y t o p l a n k t o n . Both c o n c l u d e d that the tech-
nique is s o m e w h a t i n a d e q u a t e for s a m p l i n g n a n n & p l a n k t o n and 
p o p u l a t i o n s of low d e n s i t y . A r e l a t i v e l y new p r o c e d u r e of 
e n u m e r a t i o n on m e m b r a n e filters has been o u t l i n e d by several 
r e s e a r c h e r s [ M c N a b b ( 1 9 6 0 ) , Moore ( 1 9 6 3 ) , and Holmes ( 1 9 6 9 ) ] . 
The p r o c e d u r e has o b v i o u s a d v a n t a g e s , as two of the a u t h o r s 
point out; h o w e v e r the s t a t i s t i c a l v a l i d i t y is s o m e w h a t con-
f l i c t i n g . M c N a b b (1960) m a i n t a i n s that the d i s t r i b u t i o n of 
o r g a n i s m s on the f i l t e r is random and has good e v i d e n c e to 
s u p p o r t it. Holmes ( 1 9 6 9 ) , h o w e v e r , showed that c l u m p i n g may 
o c c u r along the p e r i m e t e r of the filter t h e r e b y n e c e s s i t a t i n g 
the c o u n t i n g of the w h o l e filter to insure a c c u r a c y . He too 
has s t a t i s t i c a l e v i d e n c e s u p p o r t i n g his c o n v i c t i o n . Since both 
r e s e a r c h e r s used s i m i l a r m e t h o d s for p r e p a r i n g their s a m p l e s , 
t h e i r o p p o s i n g r e s u l t s are a p p a r e n t l y due to m e t h o d s of s e l e c t i n g 
areas of the f i l t e r for c o u n t i n g and d i f f e r e n c e s in s t a t i s t i c a l 
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t r e a t m e n t of the d a t a . In view of those f i n d i n g s , a m o r e c r i t i -
cal s t a t i s t i c a l review seemed j u s t i f i e d prior to a d o p t i n g the 
t e c h n i q u e for an i n t e n s i v e e v a l u a t i o n of p h y t o p l a n k t o n s t a n d i n g 
crop in Las Vegas B a y , Lake M e a d , N e v a d a . The r e m a i n d e r of 
this paper is c o n c e r n e d with that r e v i e w . 
We wish to e s p e c i a l l y thank M s . T . Heiner for c o u n t i n g 
the p h y t o p l a n k t o n , F. A . E s p i n o s a for his helpful s u g g e s t i o n s 
and initial review of the m a n u s c r i p t and D r s . J. Kinneson and 
A . Goldman for t h e i r s t a t i s t i c a l advice and c r i t i c i s m . 
E x p e r i m e n t a l M e t h o d s 
The m e m b r a n e f i l t e r p r o c e d u r e d e s c r i b e d by M c N a b b ( 1 9 6 0 ) , 
m o d i f i e d by M o o r e (1963) for p e r m a n e n t m o u n t i n g on glass slides 
and f u r t h e r r e v i s e d by Holmes (1969) to i n c l u d e d e h y d r a t i o n of 
the filter with e t h a n o l was used in this s t u d y . P r e s e r v a t i v e s 
w e r e not used prior to f i l t r a t i o n since s a m p l e s w e r e p r o c e s s e d 
i m m e d i a t e l y after c o l l e c t i o n . The use of s t a i n i n g agents was 
c i r c u m v e n t e d by m a k i n g i d e n t i f i c a t i o n s on c o n c e n t r a t e s of live 
m a t e r i a l . No p r o b l e m was e n c o u n t e r e d in r e c o g n i z i n g o r g a n i s m s 
on the f i l t e r s after the live i d e n t i f i c a t i o n s had been m a d e . 
F u r t h e r m o d i f i c a t i o n s and m e t h o d s are d i s c u s s e d when a p p r o p r i a t e 
in the c o n t e x t of the p a p e r . 
E x p e r i m e n t a l Design 
The p r o b l e m c o n f r o n t i n g any r e s e a r c h e r d e a l i n g with an 
i n f i n i t e p o p u l a t i o n is: 1) s e l e c t i n g a r e p r e s e n t a t i v e s a m p l e , 
n 
and 2) e x t r a c t i n g i n f o r m a t i o n from the s a m p l e that does n o t 
itself c o n t r i b u t e s u b s t a n t i a l e r r o r . The m u l t i - s t a g e d n a t u r e 
of p h y t o p l a n k t o n s a m p l i n g n e c e s s i t a t e s a design which meet 
these c r i t e r i a not o n c e , but several t i m e s . 
In random s a m p l i n g the e r r o r i n c u r r e d at each stage of 
s a m p l i n g is a t t r i b u t e d to random e r r o r and not due to some 
bias i n t r o d u c e d by the r e s e a r c h e r ( C a s s i e , 1 9 7 1 ) . R a n d o m 
s a m p l i n g , h o w e v e r , often fails to y i e l d results with a degree 
of p r e c i s i o n r e q u i r e d by the study ( C o c h r a n , 1 9 6 3 ) . This 
failure is p r o b a b l y a t t r i b u t a b l e to the fact t h a t m a r k e d l y 
skewed d i s t r i b u t i o n s are common in p h y t o p l a n k t o n s a m p l i n g and 
can y i e l d e r r o n e o u s results if they are n o t a c c o u n t e d for 
( C a s s i e , 1 9 6 3 ) . S k e w n e s s , h o w e v e r , is more likely the r e s u l t 
of i n c o r r e c t l y t r e a t i n g the s a m p l e , r a t h e r than r e f l e c t i n g 
the actual c o n d i t i o n s of a p o p u l a t i o n in the l a k e . R a t h e r than 
s i m p l e r a n d o m s a m p l i n g , it seems that a s y s t e m a t i c s a m p l i n g 
a p p r o a c h is more likely to reduce v a r i a b i l i t y and e n h a n c e 
p r e c i s i o n of p o p u l a t i o n e s t i m a t e s . 
Our e v a l u a t i o n of the m i l l i p o r e f i l t e r m e t h o d of e n u m e r -
ating p h y t o p l a n k t o n began with an a n a l y s i s of the d i s t r i b u t i o n 
of o r g a n i s m s on the s u r f a c e of the f i l t e r . Since the e f f e c t i v e 
f i l t e r i n g area of a m i l l i p o r e f i l t e r is 960 mm , much too large 
to count in t o t a l , a m e t h o d of c o u n t i n g the same portion of 
a filter in an identical m a n n e r for several s a m p l e s had to 
be d e v i s e d . S e c t i o n i n g the f i l t e r into equal q u a d r a t s a p p e a r e d 
to be a d e s i r a b l e m o d i f i c a t i o n . F i g . 2 depicts the device used 
F i g u r e 2 . 
R e p t i c a t e of a 47mm mi H i pore- f i l t e r , e t c h e d into a 
p l e x i g l a s s b l o c k , used to q u a r t e r the f i l t e r s . 
F i g u r e 3 . 
S i m u l a t e d q u a t r a n t s h e w i n g t w e n t y r a n d o m l y s e l e c t e d 
c o u n t i n g f i e l d s . 
X = f i e l d s 1 - 1 0 
M = f i e l d s 1 1 - 2 0 
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to q u a r t e r a f i l t e r . It is m e r e l y a replica of a m i l l i p o r e 
filter (47 mm d i a . ) s u b d i v i d e d into four equal q u a d r a t s , e t c h e d 
into a p l e x i g l a s s b l o c k . The dot between quads I and II is 
used to insure p r o p e r a l i g n m e n t of the f i l t e r prior to c o u n t i n g 
Since the plain m i l l i p o r e f i l t e r is u n m a r k e d it was n e c e s s a r y 
to scribe a mark on the basal part of the f i l t e r i n g a p p a r a t u s 
and place a c o r r e s p o n d i n g pencil dot on the filter to guide 
a l i g n m e n t on the a p p a r a t u s prior to f i l t r a t i o n . This d o t , 
v i s i b l e a f t e r the filter has c l e a r e d , permits a l i g n m e n t with 
the mark on the p l e x i g l a s s b l o c k . Each quad can then be sec-
tioned and m o u n t e d under a 22 X 22 mm c o v e r s l i p and s e c u r e d to 
a s t a n d a r d glass s l i d e . M o u n t i n g is not n e c e s s a r y but is advis 
able s h o u l d later r e f e r e n c e to a p a r t i c u l a r slide be d e s i r e d . 
S e l e c t i n g c o u n t i n g fields from these q u a d r a t s is perhaps 
the m o s t i m p o r t a n t o p e r a t i o n in the d e s i g n . F i g . 3 shows a 
q u a d r a t s u b d i v i d e d into .25 mm s q u a r e s ( c a l i b r a t e d area of 
W h i p p l e d i s c ) . Each square was n u m b e r e d , i . e . , 0 0 , 0 1 , 0 2 . . . 
. . n , and fields were s e l e c t e d from a table of random n u m b e r s 
( B l i s s , 1 9 6 7 ) . I n i t i a l l y , 20 fields w e r e chosen and phyto-
p l a n k t o n taxa w e r e i d e n t i f i e d and c o u n t e d in all 20 f i e l d s . 
This process was r e p e a t e d for all four q u a d r a t s . O r i e n t a t i o n 
to these r a n d o m l y s e l e c t e d fields was made by using the m i c r o -
scope m i c r o m e t e r . 
S a m p l i n g and A n a l y s i s 
Three o n e - l i t e r samples w e r e c o l l e c t e d in i m m e d i a t e 
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s e q u e n c e from one location in Las Vegas B a y . A l i q u o t s of 
200 ml w e r e f i l t e r e d from each s a m p l e . During the course of 
a study by Koening et a l . (1972) the 200 ml volume had been 
shown to be a p p r o p r i a t e for a c h i e v i n g good d i s t r i b u t i o n of 
p h y t o p l a n k t o n on the m i l l i p o r e f i l t e r at d e n s i t i e s o c c u r r i n g 
in Las Vegas B a y . Each slide was c o u n t e d at 430X m a g n i f i c a t i o n . 
Fragments of f i l a m e n t o u s p h y t o p l a n k t o n w e r e treated as one 
o r g a n i s m if they fell w i t h i n the b o u n d a r i e s of the W h i p p l e d i s c . 
T w e n t y fields were c o u n t e d on each q u a d r a t of the three s a m p l e s , 
and an a d d i t i o n a l 20 w e r e c o u n t e d on one q u a d r a t of s a m p l e I. 
These data were e v a l u a t e d to d e t e r m i n e v a r i a b i l i t y of infor-
m a t i o n from d i f f e r e n t c o u n t i n g f i e l d s , d i f f e r e n t q u a d r a t s of 
a f i l t e r and d i f f e r e n t s a m p l e s from the same p o i n t in the l a k e . 
F r e q u e n c y D i s t r i b u t i o n s on the Filters 
Prior to s t a t i s t i c a l a n a l y s e s it was d e s i r a b l e to gain 
some e m p i r i c a l k n o w l e d g e of the f r e q u e n c y d i s t r i b u t i o n of 
o r g a n i s m s on the f i l t e r s . The total counts from 80 i n d i v i d u a l 
fields (20 from each of 4 q u a t r a t s ) w e r e used to c o n s t r u c t 
f r e q u e n c y d i s t r i b u t i o n s for the three s a m p l e s . 
C a s s i e (1963) d i s c u s s e d several f r e q u e n c y d i s t r i b u t i o n 
m o d e l s and d e v e l o p e d others by e m p l o y i n g the log t r a n s f o r m a t i o n . 
The m o s t c o m m o n l y used models are the d i s c r e t e , p r o b a b i l i t y 
d i s t r i b u t i o n s , binomial and p o i s s o n , and the c o r r e s p o n d i n g 
c o n t i n u o u s normal a p p r o x i m a t i o n . From a t h e o r e t i c a l s t a n d p o i n t 
the p r o b a b i l i t y d i s t r i b u t i o n s , binomial and p o i s s o n , are v a l u a b l e 
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for d e s c r i b i n g the h y p o t h e t i c a l d i s t r i b u t i o n s of o r g a n i s m s . 
They seem to be s o m e w h a t i n a d e q u a t e , h o w e v e r , for r e p r e s e n t i n g 
empirical data drawn from many o b s e r v a t i o n s . The binomial 
d i s t r i b u t i o n s is d e p e n d e n t upon two p a r a m e t e r s : n , the n u m b e r 
of trials and P , the p r o b a b i l i t y of s u c c e s s . The n u m b e r of 
trials (n) can be o b t a i n e d from the d a t a , but it is e x t r e m e l y 
d i f f i c u l t to a priori p r e d i c t the p r o b a b i l i t y (p) of one or 
many o r g a n i s m s falling onto one of several m i c r o s c o p i c fields 
on the s u r f a c e of the f i l t e r . This then s o m e w h a t r e s t r i c t s 
fitting the binomial d i s t r i b u t i o n to our d a t a . The p o i s s o n 
d i s t r i b u t i o n , h o w e v e r , is d e p e n d e n t upon only one p a r a m e t e r 
n = n p . S i n c e the s a m p l e mean iX is an u n b i a s e d e s t i m a t i o n 
of the p o p u l a t i o n mean (n); a t h e o r e t i c a l poisson d i s t r i b u t i o n 
can be c o n s t r u c t e d , s i m p l y with a k n o w l e d g e of the s a m p l e 
mean (Simpson and R o e , 1 9 6 0 ) . The p o i s s o n , h o w e v e r , can be 
used to a p p r o x i m a t e the binomial w h e r e n is large and p is 
s m a l l , but for g r e a t e r i n c r e a s e s in n i r r e s p e c t i v e of p the 
normal gives a b e t t e r a p p r o x i m a t i o n (Simpson and R o e , 1 9 6 0 ) . 
The normal a p p r o x i m a t i o n to the binomial is best when p = 0 . 5 , 
a s y m m e t r i c d i s t r i b u t i o n ( S n e d e c o r and C o c h r a n , 1 9 6 8 ) . A 
r e m a r k a b l e s y m m e t r y e x i s t e d in the o b s e r v e d f r e q u e n c i e s when 
the data was s e c o n d a r i l y g r o u p e d . Due to this s y m m e t r y , and 
the fact that our n (number of o r g a n i s m s per m i c r o s c o p i c f i e l d ) 
was large (>28 in the u n g r o u p e d c a t e g o r y ) and the d i f f i c u l t i e s 
in using the p r o b a b i l i t y d i s t r i b u t i o n s ; the normal curve was 
used to r e p r e s e n t the d a t a . To c o m p e n s a t e for the d i s c r e t e 
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nature of the d a t a ; s e c o n d a r y g r o u p i n g , and the c o r r e c t i o n 
for c o n t i n u i t y , b r e a k i n g each interval at the m i d p o i n t , w e r e 
employed (Simpson and R o e , 1 9 6 3 ) , The c o m p u t a t i o n of the 
normal deviate then b e c a m e (1) Z = n - [ X - l / 2 ] , and the theore-
c 
tical normal f r e q u e n c i e s w e r e o b t a i n e d by m u l t i p l y i n g the nor-
mal p r o b a b i l i t i e s by N = 80 (total o b s e r v a t i o n s ) . The Chi-
square g o o d n e s s - o f - f i t test was used to test for c o n f o r m i t y 
b e t w e e n o b s e r v e d and t h e o r e t i c a l normal f r e q u e n c i e s . The 
a c c e p t a n c e c r i t e r i a was Px2 >.05 and <.95 with k-2 d e g r e e s of 
f r e e d o m , w h e r e k is the n u m b e r of groups and 2 the n u m b e r of 
c o n s t a n t s (p and c) used to c o m p u t e the normal d e v i a t e . A 
p r o b a b i l i t y Px2 ^ .95 is c o n s i d e r e d so good that the e x p e r i m e n t 
should be c h e c k e d for h i d d e n b i a s , and a Px2 g .05 is c o n s i d e r e d 
s i g n i f i c a n t and w a r r a n t s r e j e c t i o n of the h y p o t h e s i s being 
tested ( B l i s s , 1 9 6 7 ) . We t h e r e f o r e e s t a b l i s h e d our a c c e p t a n c e 
region b e t w e e n these two critical v a l u e s . 
Figures 4 , 5 and 6 show the o b s e r v e d and t h e o r e t i c a l 
normal d i s t r i b u t i o n s . The C h i - s q u a r e test reveals that the 
c u m m u l a t i v e x2 for each of the three s a m p l e s had p r o b a b i l i t i e s 
Px2 = . 1 0 - . 5 0 , well w i t h i n the range of the a c c e p t a n c e r e g i o n . 
A s a t i s f a c t o r y a g r e e m e n t t h e r e f o r e exists b e t w e e n o b s e r v e d 
and t h e o r e t i c a l normal f r e q u e n c i e s , and the normal approxi-
m a t i o n is a good r e p r e s e n t a t i o n of the d a t a . The a p p r o x i m a t e 
n o r m a l i t y of the s a m p l i n g d i s t r i b u t i o n is e n c o u r a g i n g b e c a u s e 
it p e r m i t s p a r a m e t r i c s t a t i s t i c a l tests to be used to d i r e c t l y 
f 
f i g u r e 
O b s e r v e d and t h e o r e t i c a l n o r m a l 
d i s t r i b u t i o n for s a m p l e 1. 
w = 80 
= 1 8 . 8 7 5 
q - = 3.969 
6 . 9 C 9 8 
D.F = k-2 = 8 
.25 - .50 
r 
F i g u r e 5 . 
O b s e r v e d and t h e o r e t i c a l n o r m a l 
d i s t r i b u t i o n for s a m p l e 2 . 
N = 8 0 
p = 2 2 . 6 2 5 
9"= 4 . 7 2 9 
^ 7 . 0 2 1 4 
!.F = k-2 = 
r*;= .25 -
( 
f i g u r e 6 . 
O b s e r v e d and t h e o r e t i c a l n o r m a l 
d i s t r i b u t i o n for s a m p l e 3. 
N = 80 
P = 2 1 . 9 5 0 
<r = 5.121 
6 . 6 7 5 
D.F = k-2 = 
P6r*J = .10 -
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analyze for temporal and spatial d i f f e r e n c e s in p l a n k t a pop-
u l a t i o n s . 
E v a l u a t i o n of S a m p l e s , Q u a d r a t s and C o u n t s 
A n e s t e d , three f a c t o r , r a n d o m e f f e c t s a n a l y s i s of 
v a r i a n c e was used to d e t e r m i n e the d e g r e e of v a r i a t i o n asso-
ciated with the s a m p l i n g . The nested r a t h e r than factorial 
design was used b e c a u s e of the h i e r a r c h i a l n a t u r e of s a m p l i n g . 
In the nested d e s i g n the u n i q u e e f f e c t s a s s o c i a t e d with a 
f a c t o r are r e s t r i c t e d to one level w i t h i n that f a c t o r ( W i n e r , 
1 9 7 1 ) . F i g . 7 reveals the i d e n t i t y of the factors and levels 
of e a c h . Since each f a c t o r is t r e a t e d i n d e p e n d e n t l y of the 
o t h e r s , the nested design with factors B and C nested under 
f a c t o r A , is the d e s i r e d m o d e l . 
The c o m p u t a t i o n a l p r o c e d u r e s are s i m i l a r for the factorial 
and nested d e s i g n s , h o w e v e r , they d i f f e r in the c o n s t r u c t i o n 
of the A . O . V . t a b l e . It is p o s s i b l e to obtain a nested design 
from a f a c t o r i a l by using the f u l l y - c r o s s e d factorial e q u i v a l e n t 
o u t l i n e d by Dixon ( 1 9 6 8 , p. 5 0 4 ) . A m e t h o d for c a l c u l a t i n g 
the nested d . f . from a factorial was a d o p t e d from W i n e r ( 1 9 7 1 ) . 
These s o u r c e s p e r m i t use of factorial c o m p u t e r p r o g r a m s , for 
which m o s t t h r e e - w a y a n a l y s e s are i n t e n d e d , to obtain valid 
nested d e s i g n s . 
The results of the nested three f a c t o r e x p e r i m e n t for 
data d i s c u s s e d above are o u t l i n e d in Table 1. The a n a l y s i s 
reveals that a s i g n i f i c a n t d i f f e r e n c e exists between the s a m p l e s . 
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"O^S L e v e l s 
1 K e 
Micles 
a d r a t s 
'Uncs 
F i g u r e 7 . 
S c h e m a t i c r e p r e s e n t a t i o n of the h i e r a r c h i c h a l 
s a m p l i n g p r o g r a m e m p l o y e d for the s t a t i s t i c a l e v a l u a t i o n 
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Table 1. N e s t e d A . O . V . for s a m p l e s , q u a d r a n t s , and 
c o u n t s . C o m p u t a t i o n s based on raw counts 
from fields 1 - 1 0 , and 1 1 - 2 0 . 
S o u r c e D . F . SS MS F 
S a m p l e s 2 577 . 633 2 8 8 . 817 12 .258** 
Q u a d s . 9 279 . 000 31 . 000 1 .311 
Counts 12 3 6 1 . 499 3 0 . 125 1 .274 
E r r o r 216 5 1 0 5 . 80 3 2 3 . 638 
Total 239 6 3 2 3 . 97 
* * S i g n i f i c a n t at 95% 
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The m e t h o d s of t r e a t i n g each s a m p l e through are c e r t a i n l y 
s a t i s f a c t o r y as shown by the very h o m o g e n e o u s MS and low F-
Ratio for quads and c o u n t s . The i m p l i c a t i o n s of the a n a l y s i s 
are that only one q u a d r a t need be e x a m i n e d from each f i l t e r , 
and only 10 counts are r e q u i r e d on that q u a d r a t to a d e q u a t e l y 
r e p r e s e n t the s a m p l e . The r e m a i n i n g p r o b l e m was to r e s o l v e 
the large d i s c r e p a n c y between s a m p l e s , and to d e t e r m i n e if any 
d i f f e r e n c e e x i s t e d between a l i q u o t s of the same s a m p l e . 
We r e a s o n e d that if u n a c c e p t a b l e v a r i a b i l i t y e x i s t e d 
b e t w e e n i n d i v i d u a l s a m p l e s taken in quick s u c c e s s i o n at the 
same l o c a t i o n , i n t e g r a t i o n of m u l t i p l e s i n g l e samples into a 
single i n t e g r a t e d s a m p l e w o u l d likely reduce that v a r i a b i l i t y . 
To t e s t this h y p o t h e s i s three more s a m p l e s w e r e c o l l e c t e d from 
the same l o c a t i o n in Las Vegas Bay; these c o n s i s t e d of three 1-
liter s u b - s a m p l e s I n t e g r a t e d to form one larger s a m p l e . The 
same e n u m e r a t i o n p r o c e d u r e was f o l l o w e d , but each sample was 
s u b - s a m p l e d (200 ml a l i q u o t s ) twice and only one q u a d r a n t was 
e x a m i n e d from each f i l t e r . Even though no s i g n i f i c a n t differ-
ence e x i s t e d between counts in the p r e v i o u s series of s a m p l e s , 
this f a c t o r was r e t a i n e d in the e x p e r i m e n t since it allowed 
f r a c t i o n a l r e p l i c a t i o n of c o u n t i n g f i e l d s . This kept the n u m b e r 
of o b s e r v a t i o n s per cell in the A . O . V . at the r e a s o n a b l e level 
of 10 r a t h e r than 2 0 . 
A n o t h e r n e s t e d A . O . V . was d e s i g n e d with the f o l l o w i n g 
f a c t o r s : a) s a m p l e s (3 l e v e l s ) , b) s u b - s a m p l e s (2 l e v e l s ) , 
c) counts (2 l e v e l s ) . The results of that a n a l y s i s , s u m m a r i z e d 
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in Table 2 , show no s i g n i f i c a n t F-values in any of the f a c t o r s . 
The h y p o t h e s i s that i n t e g r a t i o n of s a m p l e s d e c r e a s e s v a r i a b i l i t y 
is t h e r e f o r e c o n f i r m e d . The a n a l y s i s also i n d i c a t e s that only 
one s u b - s a m p l e is needed to a d e q u a t e l y e v a l u a t e each s a m p l e . 
A l t h o u g h no s i g n i f i c a n t d i f f e r e n c e was d e t e c t e d between 
the counts at 10 and 20 fields for e i t h e r the f i r s t or second 
set of s a m p l e s ; this did not imply t h a t 20 fields w e r e a d e q u a t e . 
To d e t e r m i n e an a d e q u a t e n u m b e r of c o u n t i n g f i e l d s , a s p e c i e s 
area curve was c o n s t r u c t e d from the 40 field counts made on one 
q u a d r a t of a s a m p l e . Forty fields w e r e c o n s i d e r e d m a x i m u m since 
9 0 - 9 5 % of the s p e c i e s were a c c o u n t e d for by that l e v e l . How-
e v e r , since our concern was not to d e t e r m i n e the p e r c e n t a g e of 
s p e c i e s d e t e c t e d , but rather to e s t i m a t e the mean n u m b e r of 
p l a n k t o n p r e s e n t with the m i n i m u m r e l i a b l e e f f o r t , a n o t h e r test 
was n e c e s s a r y . R e s u l t s of a one f a c t o r A . O . V . are p r e s e n t e d in 
Table 3. Once again no s i g n i f i c a n t d i f f e r e n c e was d e t e c t e d ; 
s u g g e s t i n g that the mean n u m b e r of algae counted in 10 fields 
is s i m i l a r to that in 40 f i e l d s . 
D i s c u s s i o n 
The s y s t e m a t i c , r a t h e r than random s a m p l i n g p r o g r a m appears 
to have d i s t i n c t a d v a n t a g e s when p h y t o p l a n k t o n s a m p l i n g with 
m e m b r a n e f i l t e r s . An e x a c t a n a l y s i s of e r r o r on the s u r f a c e 
of the f i l t e r r e q u i r e d that p r e c i s e l y the same p r o c e d u r e be 
used on each s a m p l e . When e r r o r induced v a r i a b i l i t y was en-
c o u n t e r e d one m u s t be able to i d e n t i f y the s o u r c e and if p o s s i b l e 
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Table 2 . Nested A . O . V . for s a m p l e s , s u b s a m p l e s , and 
c o u n t s . C o m p u t a t i o n s based on raw counts 
from fields 1 - 1 0 , and 1 1 - 2 0 . 
S o u r c e D.F. SS MS 
S a m p l e s 










7 2 . 0 1 7 
48.650 
1001.100 
1 1 6 8 . 3 1 7 






0 . 8 1 4 
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Table 3 . One f a c t o r A . O . V . that e v a l u a t e s c o u n t i n g 
f i e l d s . C o m p u t a t i o n s based on raw counts 
from fields 1 - 1 0 , 1 1 - 2 0 , 2 1 - 3 0 , and 3 1 - 4 0 . 
S o u r c e D . F . SS MS F 
Counts 3 88.900 2 9 . 6 3 3 1.506 
E r r o r 36 7 0 8 . 6 0 0 19.683 
Total 39 7 0 7 . 5 0 0 
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to reduce that e r r o r . Simple random s a m p l i n g does not allow 
such reduction in e r r o r ; it only gives an initial e s t i m a t e . 
A s y s t e m a t i c p r o g r a m d e v e l o p e d from a pilot e v a l u a t i o n w h e r e 
s a m p l i n g units are r e p l i c a t e d not only i d e n t i f i e s e r r o r sources 
but permits r e d u c i n g e r r o r by procedural m o d i f i c a t i o n s . The 
s y s t e m a t i c a p p r o a c h , h o w e v e r , i n v a r i a b l y results in h i g h e r labor 
d e m a n d s and care m u s t be taken not to b e l a b o r the s a m p l i n g pro-
g r a m . The m o d i f i c a t i o n s we i n c o r p o r a t e d into the m e m b r a n e f i l t e r 
t e c h n i q u e , m a i n l y : 1) i n c r e a s i n g the s a m p l e v o l u m e , 2) sec-
tioning the f i l t e r , and 3) e s t a b l i s h i n g a u n i f o r m c o u n t i n g pro-
c e d u r e r e s u l t e d in some a d d i t i o n a l labor d e m a n d s . T h e s e , how-
e v e r , are c o n s i d e r e d i n s i g n i f i c a n t when one c o n s i d e r s the 
i n c r e a s e d p r e c i s i o n of the s a m p l i n g p r o g r a m . 
The s a m p l i n g program d e v e l o p e d from this e v a l u a t i o n 
r e q u i r e s that: 1) three o n e - l i t e r s u b - s a m p l e s from a single 
point in the lake be c o l l e c t e d and c o m b i n e d into a single sam-
ple; 2) o n e , two h u n d r e d ml a l i q u o t be f i l t e r e d from each s a m p l e ; 
3) one q u a d r a t be e x a m i n e d from each f i l t e r ; and 4) ten m i c r o -
s c o p i c fields be counted from each q u a d r a t . 
The s a m p l i n g p r o g r a m we o u t l i n e d is a p p r o p r i a t e for 
p l a n k t o n d e n s i t i e s e n c o u n t e r e d in Las Vegas B a y . H o w e v e r , 
the t e c h n i q u e can be applied to any p o p u l a t i o n by varying the 
v o l u m e of lake s a m p l e s and s u b - s a m p l e a l i q u o t s . 
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I n t e r r e l a t i o n s h i p s Between B i o l o g i c a l , Physical and Chemical 
C o n d i t i o n s 
Las Vegas Bay has four s e a s o n s e a s i l y d i s t i n g u i s h e d by 
the n u m b e r , k i n d , and r e l a t i v e p r o p o r t i o n s of the p h y t o p l a n k t o n , 
and by physical f a c t o r s . These s e a s o n s are: 1) The M i x i n g 
C o n d i t i o n (from e x t i n c t i o n of the t h e r m o c l i n e 7 D e c e m b e r 1971 
until 1 March 1 9 7 2 ) , 2) S p r i n g O l i g o t r o p h y (to 1 M a y ) , 3) 
S u m m e r P l a n k t o n M a x i m a (to 15 S e p t e m b e r ) , and 4) Return to the 
M i x i n g C o n d i t i o n . 
For c o n v e n i e n c e in d i s c u s s i o n , and with c o n s i d e r a b l e j u s t i -
f i c a t i o n from the d a t a , three regions of the bay may be d e f i n e d . 
These w e r e : 1) Inner B a y , S t a t i o n s 1 , 2 , and 3; 2) M i d d l e B a y , 
S t a t i o n s 4 , 5 , 6 , and 7; and 3) O u t e r B a y , S t a t i o n s 8 through 
14. S t a t i o n s 1, 2 , 3 , 4 , 8 , 1 1 , and 14 w e r e "center c h a n n e l " 
s t a t i o n s . 
S t a t i o n 15 was in the main body of the lake near the 
LVVWD w a t e r i n t a k e , and Station 16 in Las Vegas Wash w h e r e it 
flows u n d e r the North Shore Road B r i d g e . 
The M i x i n g C o n d i t i o n 
In the f o l l o w i n g t e x t , physical factors are d i s c u s s e d 
f i r s t to e m p h a s i z e the role of w i n t e r c i r c u l a t i o n in d e p l e t i n g 
the bay of a c c u m u l a t e d n u t r i e n t s , with net n u t r i e n t loss re-
s u l t i n g from continual d i l u t i o n of the lake (in e q u i l i b r i u m 
with the b a y ) by the C o l o r a d o R i v e r . 
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Physical Factors 
T e m p e r a t u r e s 
T e m p e r a t u r e m e a s u r e m e n t s taken from the m i d d l e and o u t e r 
bay from 7 D e c e m b e r 1971 to 1 March 1972 f u l f i l l e d the classical 
d e f i n i t i o n of a lake in the c i r c u l a t i n g c o n d i t i o n . T e m p e r a t u r e s 
w e r e e f f e c t i v e l y i s o t h e r m a l from top to b o t t o m . O c c a s i o n a l l y , 
v a r i a t i o n s of 0 . 5° or less from an a v e r a g e was e v i d e n t in a 
w a t e r c o l u m n . D e p r e s s e d t e m p e r a t u r e s w e r e found m o s t o f t e n , 
but not a l w a y s , (Station 6 , 17 J a n . ; Station 1 1 , 24 J a n . ; 
S t a t i o n 1 3 , 7 F e b . ) j u s t above b o t t o m , and had no c o n s i s t e n t 
c o r r e l a t i o n with h i g h e r or lower c o n d u c t i v i t y , or with o t h e r 
f a c t o r s . E v i d e n c e for s u r f a c e h e a t i n g was likewise t r a n s i t o r y , 
l o c a l i z e d , and i n c o n s i s t e n t . 
The use of the word " e f f e c t i v e l y " to d e s c r i b e i s o t h e r m a l 
c o n d i t i o n s m u s t be q u a l i f i e d , since e n e r g y t r a n s f e r w i t h i n the 
bay is i m p l i e d , and factors r e q u i r e d to compute t r a n s f e r of 
heat and m o m e n t u m u n k n o w n . " E f f e c t i v e l y " , t h e n , is best used 
in a n e g a t i v e s e n s e to i n d i c a t e that p e r s i s t e n t d i s c o n t i n u i t i e s 
( s t r a t i f i c a t i o n ) did not d e v e l o p . 
An idea of the vigor of m i x i n g c a n , h o w e v e r , be gained 
through c o n s i d e r a t i o n of thermal e v e n t s in the inner b a y . The 
data are in Table 4 . I n t e r p r e t a t i o n m u s t be c o n d i t i o n a l since 
results w e r e not c o n t i n u o u s l y r e c o r d e d . 
Note that the t e m p e r a t u r e of the wash is c o n s i s t e n t l y and 
m a r k e d l y lower than the t e m p e r a t u r e of the bay in g e n e r a l , (al-
though f l u c t u a t i o n s d u r i n g the day are u n k n o w n ) and that w a t e r 
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from the w a s h , as i n d i c a t e d by the lower t e m p e r a t u r e s , tended 
to flow along the b o t t o m of the channel at Station 1. 
C o n s i d e r a t i o n of t e m p e r a t u r e s of the w a t e r in the w a s h , 
and s u r f a c e t e m p e r a t u r e s and g r a d i e n t s at S t a t i o n s 1 and 2 from 
one s a m p l i n g period to a n o t h e r i n d i c a t e that the d e g r e e of m i x i n g 
in the inner bay is v a r i a b l e but always p r o n o u n c e d by the time 
wash w a t e r reaches Station 2 . On only one date (31 J a n . ) , when 
the c o n d u c t i v i t y in the wash was e s p e c i a l l y h i g h , and wash tem-
p e r a t u r e s l o w , could an e x c e p t i o n a l l y low t e m p e r a t u r e , 9.5°, 
be found above b o t t o m at Station 4 . On this date the above 
b o t t o m t e m p e r a t u r e at Station 3 was p a r a d o x i c a l l y 10°. 
A m a t h e m a t i c a l t r e a t m e n t of the work I n v o l v e d in m i x i n g 
w o u l d allow e x p r e s s i o n of the e f f e c t s of c i r c u l a t i o n in the 
inner bay to be e x p r e s s e d in q u a n t i t a t i v e f o r m . If flow rates 
and flow v o l u m e s of the w a s h , o t h e r e n e r g y e x c h a n g e - r e l a t e d 
f u n c t i o n s , such as r a d i a t i o n and wind e f f e c t s , and d i l u t i o n 
v o l u m e s w e r e k n o w n , a v a l u a b l e model for d e n s i t y - t e m p e r a t u r e 
r e l a t e d s t r e a m - l a k e i n t e r a c t i o n s could be proposed and v e r i f i e d . 
The final date for the m i x i n g c o n d i t i o n , 1 M a r c h , was 
e s t i m a t e d by e v i d e n c e for s t r a t i f i c a t i o n on that d a t e . A c t u a l l y , 
if s u b s e q u e n t h y p o l i m n i o n t e m p e r a t u r e s are c o n s i d e r e d to be sim-
ilar to t e m p e r a t u r e s in the w a t e r column b e f o r e s t r a t i f i c a t i o n , 
the final date for m i x i n g could be a d v a n c e d by a week or t w o . 
P e r h a p s the last two weeks in F e b r u a r y could be c o n s i d e r e d an 
i n t e r i m p e r i o d . 
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Table 4 . T e m p e r a t u r e versus depth at S t a t i o n s 1 6 , 1 , and 2 d u r i n g 
the m i x i n g c o n d i t i o n in Las Vegas B a y . 
Station and D e p t h , Meters 
Station 16 1 2 
Depth (M) 0 0 1 2 3 0 5 10 13 
17 J a n . 5 10.5 10.25 9.5 6.0 11 .0 10.5 10.5 10.5 
24 J a n . 5.5 10.5 10.0 9.95 6.25 11 .0 10.5 10.5 10.5 
31 J a n . 2.5 8.5 8.3 7.5 4.0 10 .0 9.95 9.5 9.5 
1 F e b . 5.5 7.5 7.5 7.5 4.0 
2 Feb. 3.5 9.0 8.5 7.5 3.5 10 .0 90.0 9.5 9.5 
7 Feb. 7.5 10.5 10.5 10.5 7.5 10 .5 10.5 10.5 10.0 
14 F e b . 6.5 11.0 10.5 10.5 8.5 11 .0 10.5 10.5 9.5 
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Oxygen 
Oxygen p r o f i l e s tended to be e s s e n t i a l l y u n i f o r m from 
top to b o t t o m , h e n c e , o r t h o g r a d e . C o n c e n t r a t i o n s of 10 ppm 
or h i g h e r w e r e c o n s i s t e n t l y noted in the inner b a y . When the 
data for the o u t e r bay are plotted c a r e f u l l y , it b e c o m e s e v i d e n t 
that the word " e s s e n t i a l l y " m u s t again be q u a l i f i e d . S l i g h t 
n e g a t i v e h e t e r o g r a d e or c l i n o g r a d e s i t u a t i o n s a p p e a r in a trans-
itory way from station to s t a t i o n and from one s a m p l i n g date 
to a n o t h e r . 
For e x a m p l e , on 17 J a n u a r y , oxygen c o n c e n t r a t i o n s below 
10 ppm w e r e noted as f o l l o w s : 
Station 4: 9.95 at 15 and 20 meters 
Station 8: 9.7 at 15-40 m e t e r s 
Station 10: 9 . 7 - 9 . 6 at 30-49 meters 
S t a t i o n 11: 9 . 9 - 9 . 7 at 10-33 meters 
Station 13: 9.8 at 30-40 meters 
S t a t i o n s 14 and 15: 9.8 d e c r e a s i n g to 9.6 below 10 meters 
At o t h e r s t a t i o n s on this d a t e , c o n c e n t r a t i o n s w e r e above 
10 p p m . 
On 24 J a n u a r y oxygen c o n c e n t r a t i o n s below 10 ppm w e r e meas-
ured only at the f o l l o w i n g s t a t i o n s at depths i n d i c a t e d . 
Station 9: 9.9 at 25-26 meters 
Station 10: 9 . 9 - 9 . 7 at 15-48 meters 
S t a t i o n 11: 9 . 9 5 - 9 . 4 at 15-75 meters 
Station 13: 9 . 9 - 9 . 8 at 15-30 meters 
S t a t i o n s 14 and 15: Same as Station 13 
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The pattern of d e c r e a s e d oxygen c o n c e n t r a t i o n s seemed to 
move out into the bay in J a n u a r y , and back in as far as Station 
4 in F e b r u a r y . 
Oxygen v a r i a t i o n s w e r e not c o r r e l a t e d with i n c r e a s e s or 
d e c r e a s e s in t e m p e r a t u r e , c o n d u c t i v i t y , or p H . 
H y d r o g e n Ion 
The pH data p r e s e n t e d a much more u n i f o r m p i c t u r e . 
E x c e p t i o n s w e r e : 1) On 1 J a n u a r y at Station 1 5 , pH was 8.25 
from the s u r f a c e to 45 meters ( b o t t o m ) . At 5 0 , 5 5 , and 60 
m e t e r s , pH was 9 , 8 . 9 , and 8.4 r e s p e c t i v e l y . This c o n d i t i o n 
d i s a p p e a r e d by 17 J a n u a r y , when pH t h r o u g h o u t the bay was 
8.2 to 8 . 3 . 
In F e b r u a r y , a trend toward s o m e w h a t lower pH a p p e a r e d , 
e s p e c i a l l y in the m i d d l e b a y . On 7 F e b r u a r y , pH d r o p p e d below 
8 at S t a t i o n 4 between 15 and 35 m e t e r s , and was 7.9 from sur-
face to b o t t o m at Station 7 . On 14 F e b r u a r y a u n i f o r m pH of 
7.9 was n o t e d at S t a t i o n s 4 , 6 , 7 , and 8 . 
C o n d u c t i v i t y 
C o n d u c t i v i t y data are given in Tables 5 through 10. 
Several t r a n s i e n t c o n d u c t i v i t y d i s c o n t i n u i t i e s a p p e a r e d in 
the m i d d l e and o u t e r bay during J a n u a r y . When the data w e r e 
p l o t t e d versus depth and c o m p a r e d from s t a t i o n to s t a t i o n , it 
a p p e a r e d that these d i s c o n t i n u i t i e s r e p r e s e n t e d isothermal 
bodies of w a t e r , more or less s a l i n e than m o s t of the w a t e r 
in the bay by an a v e r a g e value of 1 0 0 0 - 2 0 0 0 p m h l / c m . This 
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T a b l e 5 C o n d u c t i v i t y in Las V e g a s B a y , 10 J a n u a r y 1 9 7 2 . 
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n m h o / c m 
S u r f a c e to b o t t o m at 5 m i n t e r v a l s . D e e p e s t 
i n t e r v a l ( b o t t o m ) less t h a n 5 m in s o m e c a s e s 
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T a b l e 6 . C o n d u c t i v i t y in Las V e g a s B a y , 17 J a n u a r y 1 9 7 2 . 
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C o n d u c t i v i t y : p m h o / c m 
D e p t h : S u r f a c e to b o t t o m at 5 m e t e r i n t e r v a l s . D e e p e s t interval ( b o t t o m ) 
less than 5 m at some s t a t i o n s . 
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C o n d u c t i v i t y : p m h o / c m 
D e p t h : S u r f a c e to b o t t o m at 5 m i n t e r v a l s . D e e p e s t Interval ( b o t t o m ) 
less than 5 m at some s t a t i o n s . 
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C o n d u c t i v i t y : 
O e p t h : 
p m h o / c m 
S u r f a c e to b o t t o m at 5 m i n t e r v a l s , 
than 5 m in some c a s e s . 
D e e p e s t i n t e r v a l ( b o t t o m ) less 
T a b l e 9 : o n d u c t 1 v 1 t y in Las V e g a s C a y , 7 F e b r u a r y , 1 9 7 2 . 
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C o n d u c t i v i t y : p m h o / c m 
D e p t h : S u r f a c e to b o t t o m at 5 m i n t e r v a l s , 
less than 5 m at s o m e s t a t i o n s . 
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able 10 o n d u c t i v l t y In Las Vega§ B a y , 14 F e b r u a r y , 1972 
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D e p t h : S u r f a c e to b o t t o m at 5 m i n t e r v a l s . D e e p e s t i n t e r v a l ( b o t t o m ) 
less than 5 m at some s t a t i o n s . 
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c o n c l u s i o n i s , of c o u r s e , d e p e n d e n t on the a s s u m p t i o n that 
o b s e r v a t i o n s made at one station are related to those a d j a c e n t 
to it. 
On 17 J a n u a r y (Table 6 ) , c o n d u c t i v i t i e s w e r e h i g h e r than 
"average" at Station 1 0 , with a m a x i m u m of 5200 at 10 m e t e r s . 
Data from a d j a c e n t s t a t i o n s i n d i c a t e that a s t r o n g l y tilted 
"cell" may have been p r e s e n t in the area c o n t a i n i n g S t a t i o n s 
1 0 , 1 1 , 1 3 , 14 and perhaps 15. D i l u t i o n seems to have been 
o c c u r r i n g toward the bay e n t r a n c e . E x c e p t i o n a l l y low conduc-
t i v i t y was r e c o r d e d at depth at S t a t i o n s 1 5 , 1 4 , and 13 on 
17 J a n u a r y . 
On 24 J a n u a r y no e x c e p t i o n a l l y high c o n d u c t i v i t y r e a d i n g s 
w e r e o b t a i n e d . The s i t u a t i o n noted on 17 J a n u a r y had d i s a p p e a r e d . 
E x c e p t i o n a l l y low c o n d u c t i v i t y was noted at 40 m at Station 1 5 , 
and at 70 m at Station 11. 
A high c o n d u c t i v i t y "cell" a p p a r e n t l y e x i s t e d in the area 
s a m p l e d at S t a t i o n s 8 , 9 , and 11 on 31 J a n u a r y , (Table 8 ) , 
but d i s a p p e a r e d by 7 F e b r u a r y . Low c o n d u c t i v i t y was e v i d e n t 
along the south shore of the bay at S t a t i o n s 1 2 , 5 , and 3. 
Data for c o n d u c t i v i t y above b o t t o m at i n n e r bay s t a t i o n s 
i n d i c a t e that the " d e n s i t y c u r r e n t s " are i n t e r m i t t e n t during 
this p e r i o d , and thus f u r t h e r s u b s t a n t i a t e e v i d e n c e for m i x i n g 
in this r e g i o n . 
The origin of c o n d u c t i v i t y d i s c o n t i n u i t i e s (whether from 
B o u l d e r Basin or Las Vegas W a s h ) , and their d e s t i n a t i o n , are 
d i f f i c u l t to a s c e r t a i n . The data s u g g e s t c l o c k w i s e m o v e m e n t 
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of the w a t e r in the b a y . In this c a s e , bodies of w a t e r with 
higher s a l i n i t y w o u l d p r o b a b l y owe t h e i r origin to the w a s h . 
This h y p o t h e s i s is s t r e n g t h e n e d by data for J a n u a r y 3 1 , Sta-
tion 1 6 , when e x c e p t i o n a l l y high c o n d u c t i v i t y ( 9 1 , 0 0 0 ) was 
d e t e c t e d and by results i n d i c a t i n g e s t a b l i s h m e n t of thermal 
e q u i l i b r i u m by Station 3 , but w e a k e n e d by the lack of o b s e r v a -
tion of high c o n d u c t i v i t y "cells" in the bay on 3 , 7 , and 14 
F e b r u a r y , and by high c o n d u c t i v i t y at d e p t h , i . e . at Station 
1 3 , 10 J a n u a r y . 
C o n f i r m a t i o n should be s o u g h t by 1) c o n t i n u o u s r e c o r d i n g 
of wash c o n d u c t i v i t y to e f f e c t a d e q u a t e s u r v e i l l a n c e for "slugs" 
of s a l i n e w a t e r , 2) e s t a b l i s h m e n t of the rate of m o v e m e n t of 
d i s c o n t i n u i t i e s in the b a y , 3) a n a l y s i s of the d i s c o n t i n u i t i e s 
for c o m p o n e n t s in a b n o r m a l l y high c o n c e n t r a t i o n in the w a s h , 
such as p h o s p h a t e , and 4) e x a m i n a t i o n of the fate of w a t e r from 
Las Vegas Wash after it enters Las Vegas Bay by some s u i t a b l e 
t r a c e r t e c h n i q u e . 
The actual m e a n i n g of " c o n d u c t i v i t y " is i m p o r t a n t in 
e v a l u a t i n g the d a t a . C o n d u c t i v i t y data are d e p e n d e n t not only 
on the c o n c e n t r a t i o n but also on the kind of ions p r e s e n t under 
i s o t h e r m a l c o n d i t i o n s . T h u s , w a t e r of h i g h e r c o n d u c t i v i t y 
could be less dense than w a t e r of lower c o n d u c t i v i t y . H o w e v e r , 
at the values r e c o r d e d , common ions w o u l d be at r o u g h l y 
h u n d r e d t h m o l a r c o n c e n t r a t i o n s at b e s t , thus c o n t r i b u t i n g very 
little to d i f f e r e n c e s in d e n s i t y and c o n s t i t u t i n g a m i n o r 
b a r r i e r to m i x i n g from an e n e r g y input s t a n d p o i n t . 
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Plankton 
Plots of n u m b e r s of c o l o n i e s or cells of the 6 m o s t 
n u m e r o u s genera are p r e s e n t e d In F i g s . 8 - 1 5 . Table 30 lists 
the dates on which v a r i o u s g e n e r a w e r e noted at p a r t i c u l a r 
s t a t i o n s . 
The scale used for p l o t t i n g F i g s . 8-15 Is 10 c o u n t e d 
units per m i l l i m e t e r of vertical s c a l e , so t h a t , a l t h o u g h 
counts a p p e a r l a r g e , they w e r e u s u a l l y rather l o w , and r e f l e c t 
o l l g o t r o p h l c c o n d i t i o n s for the m o s t p a r t . C o l o n i e s are Indi-
cated by w i d e b a r s , cells by narrow b a r s . 
In J a n u a r y , n u m b e r s and kinds of p h y t o p l a n k t o n w e r e rela-
t i v e l y u n i f o r m t h r o u g h o u t the bay e x c e p t for Station 1 w h e r e 
counts w e r e l o w e r . S t e p h a n o d l s c u s , C y c l o t e l l a ( D i a t o m s ) , and 
C h l a m y d o m o n a s ( s m a l l , m o t i l e green a l g a ) w e r e not n u m e r o u s 
t h r o u g h o u t J a n u a r y . On 24 J a n u a r y , p o p u l a t i o n s , e s p e c i a l l y 
of S t e p h a n o d l s c u s , had I n c r e a s e d In the m i d d l e and outer bay 
(Stations 5 - 1 4 ) and at Station 15 In the main body of the lake 
near the Intake t o w e r . P o p u l a t i o n s d e c r e a s e d by 31 J a n u a r y , 
when m o s t of the S t e p h a n o d l s c u s and C y c l o t e l l a w e r e d e a d . 
M l c r a s t e r l u s and A n a b a e n a w e r e a p p a r e n t l y s u r v i v o r s from 
a p r e v i o u s p e r i o d , and d i s a p p e a r e d In J a n u a r y from the m i d d l e 
and o u t e r b a y . O t h e r s , such as C y m b e l l a , S y n e d r a , and C a r t e r l a 
are c o n t i n u o u s l y p r e s e n t d u r i n g the y e a r . O o c y s t l s had a predi-
lection for the o u t e r b a y , e s p e c i a l l y Station 10. 
P o p u l a t i o n s r e a c h e d a m i n i m u m level on 3 February at which 
time Stations 1 , 2 , and 5 m a i n t a i n e d h i g h e r p o p u l a t i o n s than 
F i g . 8. P l a n k t o n in Las V e g a s Bay 1 / 1 7 / 7 2 
s t e p h a n o d i s p u s ST 
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o t i s r s : 
C e r a t i u m 
B b ' n i n a * 
eel la* 
3 o - r y o c o c c u s 
T a t r a e d r o n 
^ y i b e l l a 
h l o r o c o c c u m 
^ $ t e r i o n e l l a 
P t e u r o s i g m a 
^ p i t h e m i a 
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B o s m i n a * 
P ' = n k t o s p h a e r i a 
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C t o s t e r i d i u m 
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3 m i r e l l a 
l o o p l a n k t o n 
U n i c e l l s : 
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10. F i g . P l a n k t o n in L a s V e g a s B a y 1 / 3 1 / 7 2 
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N a v i c u l a N 
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C a r t e r i a Ca 
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p i t h e m i a Ep 
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P l a n k t o n in Las V e g a s Bay 1 / 3 1 / 7 2 
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S y n e d r a Sn 
P e r i d i n i u m P 
F r a g i l a r i a F 
N a v i c u l a n 
C y c l o t e l l a c 
C a r t e r i a Ca 
G l e n o d i n i u m G 
S c e n e d e s m u s Sc 
f r a g i l a r i a 
(y.r.bella 
jSbsniina* 
O i f f l u a i a * 
Os'aptomus* 
( b c y s t i s 
& : r a t e l 1 a * 
d h T o r e ! l a 
6t:nphonema 
U t r a e d r o n 
- o o p l a n k t o n 
U n i c e l l s : 
C o l o n i e s : 
N a r r o w Bars 
W i d e Bars 
Fig. 1 4 . P l a n k t o n in Las V e g a s B a y , 2/22/72 
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Otr.ers: 
D i f f l u c i a * 
/telosira 
C h l ^ r e l l a 
E p i t h e n i a * * 
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e n a t e l l a * . 
N a v i c u l a 
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Z o o 3 l a n k t o n 
L a s V e g a s W a s h O n l y 
U n i c e l l s 
C o l o n i e s 
: N a r r o w B a r s 
: W i d e B a r s 
F i g . 1 2 . P l a n k t o n in L a s V e g a s Bay 2 / 7 / 7 2 
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Fig. 14. P l a n k t o n in Las V e g a s B a y , 2 / 2 2 / 7 2 
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10. F i g . P l a n k t o n in Las V e g a s Bay 1 / 3 1 / 7 2 
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e l s e w h e r e in the b a y . S i g n i f i c a n t r e c o v e r y was not e v i d e n t 
until 22 F e b r u a r y when again p o p u l a t i o n s in the m i d d l e and 
outer bay w e r e g e n e r a l l y h i g h e r than at Stations 1 , 2 , and 
3 w h e r e in a d d i t i o n most algae w e r e d e a d . At S t a t i o n s 4 and 
7 in the m i d d l e bay G l e n o d i n i u m ( D i n o f l a g e l l a t e ) had I n c r e a s e d 
s i g n i f i c a n t l y . C h l a m y d o m o n a s was the second most numerous at 
these s t a t i o n s , and m o r e n u m e r o u s than G l e n o d i n i u m in all o u t e r 
bay s t a t i o n s e x c e p t Station 1 0 . 
On 28 F e b r u a r y G l e n o d i n i u m was largely dead at all s t a t i o n s 
N u m b e r s of the o t h e r p h y t o p l a n k t o n r e m a i n e d low or d e c r e a s e d ex-
cept for C h l a m y d o m o n a s , which i n c r e a s e d at S t a t i o n s 1 , 2 , 3 , and 
6 , and C a r t e r i a , which was s o m e w h a t more n u m e r o u s at Station 10. 
It is t e m p t i n g to assume that b i o l o g i c a l events in the bay 
w e r e c o r r e l a t e d with the a p p e a r a n c e of the J a n u a r y c o n d u c t i v i t y 
"cells" and bay c i r c u l a t i o n . H o w e v e r , the F e b r u a r y d e c l i n e 
could have been due to other f a c t o r s , such as a sudden i n c r e a s e 
in h e a v y m e t a l s to the toxic l e v e l . 
C e r t a i n D i a t o m s are c h a r a c t e r i s t i c of the wash b u t not of 
the b a y . Among these are G o m p h o n e m a , N i t z s c h i a , and R h o p a l o d i a . 
T h e i r d i s t r i b u t i o n in s u r f a c e s a m p l e s is i n d i c a t e d in Table 30. 
G o m p h o n e m a was f r e q u e n t l y found at many l o c a t i o n s during the 
p e r i o d , but N i t z s c h i a a p p e a r e d only on 31 J a n u a r y and 7 F e b r u a r y 
and R h o p a l o d i a on 31 J a n u a r y and 28 F e b r u a r y . All t h r e e , plus 
S u r i r e l l a and P l e u r o s i g m a , w e r e found at the s u r f a c e of Station 
5 on 31 J a n u a r y . These genera p r o v i d e some clues to the d i s p e r -
sal of w a t e r from Las Vegas Wash t h r o u g h o u t the b a y . 
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Spring O l i g o t r o p h y 
This period Is best d i s c u s s e d In terms of the d e n s i t y 
c u r r e n t h y p o t h e s i s , which p o s t u l a t e s that the c o l d e r w a t e r s 
of Las Vegas Wash form a d e n s i t y c u r r e n t flowing Into the 
h y p o l l m n l o n of the bay for m o s t of the s e a s o n , but that In 
late s p r i n g , as w a r m i n g of the I n f l o w i n g s t r e a m o c c u r s , the 
c u r r e n t b e c o m e s u n s t a b l e and mixes with the w a t e r of the I n n e r 
b a y , thus m a k i n g n u t r i e n t s a v a i l a b l e for p h y t o p l a n k t o n g r o w t h . 
In the f o l l o w i n g d i s c u s s i o n , p h y t o p l a n k t o n data are pre-
sented f i r s t to show when and w h e r e o l l g o t r o p h l c c o n d i t i o n s 
e x i s t e d , and to I l l u s t r a t e the t r e n d toward e u t r o p h y d e v e l o p i n g 
In the I n n e r bay In April and M a y . T h e n , results of d e t e r m i n a -
tions of t e m p e r a t u r e , o x y g e n , and c o n d u c t i v i t y are e x a m i n e d for 
clues to the b e h a v i o r of the p h y t o p l a n k t o n . 
P l a n k t o n 
F i g s . 16 through 28 are plots of the six most n u m e r o u s 
genera o c c u r r i n g at each station on each s a m p l i n g date t h r o u g h -
out the period u n d e r d i s c u s s i o n . Less n u m e r o u s forms are In-
d i c a t e d In Table 30. 
T h r o u g h o u t M a r c h , low n u m b e r s were o b s e r v e d In the b a y . 
Algae w e r e r e l a t i v e l y more n u m e r o u s at Stations 1 , 2 , 3 , and 
4 on 6 M a r c h ; S t a t i o n s 1 and 15 on 13 March (Carteria d o m i n a n t ) 
and S t a t i o n 1 on 20 M a r c h , w h e r e C a r t e r i a p e r s i s t e d . A catas-
t r o p h i c drop In the C a r t e r i a p o p u l a t i o n had o c c u r r e d on 28 M a r c h . 
On 3 April H e m l d l n l u m r e a c h e d s i g n i f i c a n t n u m b e r s at Sta-
tion 1. Numbers of p h y t o p l a n k t o n at Station 2 were r e l a t i v e l y 
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Fig. 16. P l a n k t o n in Las V e g a s Bay 3 / 6 / 7 2 
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10. F i g . P l a n k t o n in Las V e g a s Bay 1 / 3 1 / 7 2 
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F i g . 27. P l a n k t o n in Las V e g a s Bay 5/22/72 
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1 
-J 
C a r t e r i a 
C h l a m y d o m o n a s 
H e m i d i n i u m 
G l e n o d i n i u m 
C e p h a l o d e l l a * 
P l a n k t o s p h a e r i a 
A s t e r i o n e l l a 
C y c l o t e l l a 
N a v i c u l a 
C y m b e l l a 
S t e p h a n o d i s c u s 
F r a g i l a r i a 
O o c y s t i s 
S y n u r a 















U n i c e l l s : N a r r o w Bars 
C o l o n i e s : W i d e Bars 
* Z o o p l a n k t o n 
F i g . 22. P l a n k t o n in Las V e g a s Bay 4 / 1 7 / 7 2 
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Fig. 2 5 . P h y t o p l a n k t o n in Las Vegas Bay 5 / 8 / 7 2 
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low and w e r e very low at o t h e r s t a t i o n s . The C a r t e r i a pop-
ulation began s i g n i f i c a n t r e c o v e r y on 10 April at Station 1 
and by 17 April it and C h l a m y d o m o n a s w e r e d o m i n a n t and Hemi-
d i n i u m was l o w . The r e m a i n d e r of the b a y , e x c e p t for Station 
2 , c o n t i n u e d to y i e l d very low p o p u l a t i o n s t h r o u g h o u t A p r i l . 
At Stations 3 through 1 5 , A s t e r i o n e l l a , P l a n k t o s p h a e r i a , and 
C a r t e r i a seemed d o m i n a n t , but n u m b e r s w e r e very l o w . 
On 1 M a y , a n o t h e r p r e c i p i t o u s d e c l i n e had o c c u r r e d at 
Station 1. S u b s e q u e n t l y , a large i n c r e a s e in F r a g i l a r i a 
(colonial d i a t o m ) o c c u r r e d with e s p e c i a l l y large n u m b e r s at 
S t a t i o n s 1 , 2 , 3 , 4 , 5 , 6 , 7 , and 9 on 15 M a y . With an aver-
age of 15 cells per c o l o n y , the more than 800 colonies per 
ml at Station 1 r e p r e s e n t e d more than 12,000 cells per m l . 
H u t c h i n s o n c o n s i d e r s 7,000 cells per ml as a "great F r a g i l a r i a 
p o p u l a t i o n " . On 15 M a y , S t a t i o n s 1 0 , 1 1 , 1 2 , 1 3 , 1 4 , and 15 
r e c o r d e d the usual very low n u m b e r s although F r a g i l a r i a was 
p r e s e n t . 
The data for 22 May i l l u s t r a t e c o n t i n u e d high p o p u l a t i o n s 
of viable F r a g i l a r i a at Stations 1 through 5 . With the excep-
tion of Station 9 , r e l a t i v e l y low numbers of F r a g i l a r i a w e r e 
r e c o r d e d for the r e m a i n d e r of the b a y . The a n o m a l o u s l y high 
i n c i d e n c e of F r a g i l a r i a at Station 9 , low p o p u l a t i o n s at Sta-
tions 6 and 7 in the m i d d l e b a y , and the c o n s i s t e n c y of data 
for the o u t e r bay p o s s i b l y r e f l e c t the i n t e r a c t i o n of the 
e f f e c t s of w i n d , c u r r e n t s , and the m o r p h o l o g i c a l c o m p l e x i t y 
of the b o t t o m of the b a y , e s p e c i a l l y the Sand Island R e e f . 
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The F r a g i l a r i a in the o u t e r bay m i g h t p o s s i b l y have been 
p r e s e n t as the r e s u l t of s e e d i n g from inner bay s t a t i o n s rather 
than g r o w t h , a l t h o u g h oxygen data i n d i c a t e c o n t i n u e d photo-
s y n t h e t i c a c t i v i t y . By 30 M a y , the F r a g i l a r i a bloom had 
s u b s i d e d and m o s t of the r e m a i n i n g cells w e r e d e a d . 
F r a g i l a r i a was d i s t r i b u t e d p r i m a r i l y at the s u r f a c e at 
Station 4 on May 3 0 , as I n d i c a t e d by the data in Table 11. 
N u m b e r s p r e s e n t e l s e w h e r e in the column of w a t e r s u g g e s t a 
"rain" of dead cells from the s u r f a c e . 
Large p o p u l a t i o n s of C a r t e r i a and G l e n o d i n i u m w e r e noted 
at 30 m e t e r s . A c c u m u l a t i o n of p h y t o p l a n k t o n at a s p e c i f i c 
l o c a t i o n a s s o c i a t e d with i n c r e a s e d w a t e r d e n s i t y is a f r e q u e n t l y 
e n c o u n t e r e d p h e n o m e n o n , although the fact that m o t i l e forms 
o c c u r r e d at depth under reduced i l l u m i n a t i o n s u g g e s t s that 
they may be u t i l i z i n g h e t e r o t r o p h i c n u t r i t i o n and t h e r e f o r e 
acting in this I n s t a n c e more like a n i m a l s than p l a n t s . Studies 
on diurnal p h y t o p l a n k t o n m i g r a t i o n m i g h t be p r o f i t a b l e . Genera 
found 1 m e t e r above the b o t t o m w e r e s i g n i f i c a n t l y d i f f e r e n t 
than those found above 30 m e t e r s . 
In s u m m a r y there appears to have been a s u r p r i s i n g l y reg-
ular s u c c e s s i o n of p o p u l a t i o n lows d u r i n g the first part of 
every month and p o p u l a t i o n highs during the m i d d l e to later 
parts of the m o n t h . D o m i n a n t p h y t o p l a n k t o n genera in J a n u a r y 
were S t e p h a n o d i s c u s , C y c l o t e l l a and C h l a m y d o m o n a s ; in F e b r u a r y , 
G l e n o d i n i u m , C h l a m y d o m o n a s and C a r t e r i a ; in M a r c h , C a r t e r i a ; 
in A p r i l , H e m i d i n i u m , C a r t e r i a and C h l a m y d o m o n a s ; in M a y , F r a g i l a r i a . 
Table 11. D i s t r i b u t i o n of P h y t o p l a n k t o n versus Depth 
at Station 4 , 30 M a y . 
D e p t h , 
Meters N u m b e r per ml 
S u r f a c e F r a g i l a r i a 116 (5)* 
C h l a m y d o m o n a s 52 (6) 
C a r t e r i a 36 (4) 
C e r a t i u m 7 (2) 
P l a n k t o s p h a e r i a 6 (2) 
P hacotus 4 (1 ) 
5 F r a g i l a r i a 22 (7) 
C a r t e r i a 71 (5) 
O o c y s t ! s 17 (3) 
G l e n o d i n i u m 11 (3) 
P h a c o t u s 4 (1 ) 
A n k i s t r o d e s m u s 4 (2) 
10 F r a g i l a r i a 76 (4) 
C a r t e r i a 56 (4) 
P l a n k t o s p h a e r i a 5 (1 ) 
G l e n o d i n i u m 5 (1 ) 
C e r a t i u m 3 U ) 
20 C a r t e r i a 54 (6) 
F r a g i l a r i a 10 (3) 
C y c l o t e l l a 5 (1 ) 
O s c i l l a t o r i a 3 (1 ) 
30 C a r t e r i a 402 (86) 
G l e n o d i n i u m 278 (66) 
F r a g i l a r i a 17 (5) 
C y c l o t e l l a 11 (4) 
N a v i c u l a 5 (2) 
Bottom + 1 C y c l o t e l l a 21 (5) 
F r a g i l a r i a 20 (3) 
N a v i c u l a 7 (3) 
O s c i l l a t o r i a 4 (2) 
C y m b e l l a 4 (2) 
* N u m b e r s in p a r e n t h e s e s are s t a n d a r d e r r o r . 
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Physical Factors 
Results of d e t e r m i n a t i o n s of t e m p e r a t u r e are given in 
Tables 12 through 18; of oxygen in Tables 19 through 2 5 , and 
c o n d u c t i v i t y in Tables 26 and 2 7 . A good s u m m a r y view of 
changes o c c u r r i n g in the bay should be o b t a i n e d by s c a n n i n g 
these tables b e f o r e p r o c e e d i n g with the t e x t . 
T e m p e r a t u r e s 
I n c r e a s i n g d i f f e r e n t i a l t e m p e r a t u r e s at Stations 4-14 
d u r i n g the period i n d i c a t e i n c r e a s i n g s t a b i l i t y of s t r a t i f i -
cation in the m i d d l e and o u t e r b a y , with the knee of the 
t h e r m o c l i n e e v e n t u a l l y e s t a b l i s h e d at 10-15 m e t e r s . H o w e v e r , 
the data i n d i c a t e a trend toward d e c r e a s e d s t a b i l i t y in the 
inner b a y . Note e s p e c i a l l y the s i t u a t i o n at Station 2 on 
30 M a y , (Table 1 8 ) . 
O c c a s i o n a l l y , as on 6 and 20 March and 1 A p r i l , inver-
sions o c c u r r e d at depth at inner bay s t a t i o n s ; these w e r e 
p r o b a b l y a s s o c i a t e d with the d e n s i t y c u r r e n t . Internal seiches 
were p r o b a b l y p r e s e n t (outer bay s t a t i o n s , 1 M a y ) but w e r e 
n e v e r p r o n o u n c e d . A t e n d e n c y toward formation of a double 
t h e r m o c l i n e at Station 14 was a p p a r e n t late in the p e r i o d . 
D o u b l e t h e r m o c l i n e s are common in very deep l a k e s . 
Oxygen 
Oxygen curves were o r t h o g r a d e until May 1 when a n e g a t i v e 
h e t e r o g r a d e d i s t r i b u t i o n was found at m i d d l e and outer bay 
c e n t e r channel s t a t i o n s . This p h e n o m e n o n is d i s c u s s e d in 
Table 12. T e m p e r a t u r e s in Las Vegas B a y , March 6 , 1 9 7 2 . 72 
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able 1 5 , T e m p e r a t u r e s in Las Vegas B a y , April 1 7 , 1972 
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Table 2 0 . Oxygen in Las Vegas B a y , March 2 0 , 1 9 7 2 . 80 
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iablc 2 2 . Oxygen in Las Vegas B a y , April 1 7 , 1 9 7 2 . 82 
I 5 . 6 
13.6 (1!!))'. 
13, 
1 3 (3iti),„\ 
.y 
/ 13.8 g i 
' ^ . 6 i? _ * 









(Las Vegas H a s h ) 
O x y g e n : M i l l i g r a m s oxygen per l i t e r . 
Depth: S u r f a c e to bottom at 5 m* i n t e r v a l s . 
(Deepest interval less than 5 m 
at some s t a t i o n s . ) 
/ 15 




































Table 23, Oxygen in La,s- Vegas P a y , May 1 , 1 9 7 2 , 
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\ 4.4 
(In) ' k 
12.6 (2m) \ \ 
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3 
* 







s. cgas Hash.) 
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Table 2 6 . Location of c o n d u c t i v i t i e s above 1100 tjmoh/cm 






Station D e p t h , m C o n d u c t i v i t y , 
1 2* 3800 
2 14* 2800 
3 23* 1500 
4 47* 1500 
8 60 1150 
62* 1350 
11 70 1150 
74* 1200 
1 2 * 4200 
2 14* 2600 
3 20 1150 
22* 1500 
4 45 1200 
47* 1450 
8 55 1150 
60 1200 
62* 1450 
11 65 1150 
70-73* 1200 
14 8 0 - 9 0 * 1150 
1 1* 4200 
2 14* 2400 
3 23* 1600 
4 45* 1200 




11 60-65 1150 
70 1200 
72* 1220 
14 75-85 1120 
90* 1150 
1 1 1550 
2* 4550 
2 0-10 1150 
14* 2400 
3 20 1250 
22* 1750 
p m h o / c m 
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Station D e p t h , m C o n d u c t i v i t y , 




8 30-61* 1200 
11 35-72* 1150 
1 1 1250 
2* 4000 
2 10 1150 
1 3* 2450 
3 20 1500 
22* 1650 
4 35 1200 
40 1300 
45* 1350 
8 45-55 1200 
60* 1350 
11 55 1150 
6 0 - 7 0 * 1200 
1 0-1 1150 
2 1200 
3* 3500 
2 10 1200 
13* 2400 
3 15-22* 1300 
4 15-45* 1200 
6 25-32* 1150 
8 25-30 1150 
50-59* 1150 
1 0-2 1200 
3* 3300 
2 10 1200 
13.5* 1800 
3 15 1250 
2 0 - 2 2 * 1450 
8 59* 1150 




p m h o / c m 
Table 26. (cont.) 
Date 
1 May 




2 10 1250 
12.5* 2300 
3 15 1250 
2 0 - 2 1 * 1450 
4 20 1150 
25-30 1200 
5 20-25* 1250 
7 20-22* 1200 
1 0-1 1150 
2 1200 
3* 2800 
2 10 1750 
12.5* 2450 
3 15 1400 
20 1550 
22* 1600 





5 20-24* 1250 
6 21* 1200 
7 20 1200 
22* 1250 
8 30-59* 1150 
1 3* 3800 
2 12.5* 2900 
3 15 1400 
20* 1750 
4 45-46* 1150 
5 20-22* 1350 
6 25* 1150 
7 20 1200 
24* 1250 
8 40-45 1150 
1 2 1200 
3* 3600 
2 10 1200 
15* 2800 
3 15 1150 
21* 1450 
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Table 2 6 . (cont.) 
Date Station D e p t h , m C o n d u c t i v i t y , p m h o / c m 
4 20-30 1200 
5 20-24* 1250 
6 20 1150 
25-27* 1200 
7 20 1200 
2 5 * 1250 
8 25-30 1200 
35 1150 
1 1 -2 1150 
3* 3100 
2 1 2 . 5 * 2300 
3 15 1200 
20 1500 
4 20 1200 
25-40 1250 
45 1200 
4 6 * 1100 
5 20 1250 
25 * 1400 
6 2 3 * 1150 
8 25-35 1150 
11 25-35 1150 
* b o t t o m 
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Table 27. T e m p e r a t u r e and c o n d u c t i v i t y at Station 1 6 , Las 
Vegas M a s h , and Station 1, Las Vegas B a y , 6 M arch -
30 M a y , 1 9 7 2 . 
Date 
Station 16 Station 1 
t e m p e r a t u r e C o n d u c t i v i t y D e p t h , m temperature c o n d u c t ! ' 
6 March 72 12.5 4850 0 14 1100 
1 13 1100 
2 12.5 3800 
13 March 72 13.5 5000 0 16 1100 
1 15.5 1100 
2 14.5 4200 
20 March 72 12 4700 0 16.5 1100 
1 13 4200 
28 March 72 8 4800 0 14 1100 
1 14 1550 
2 10.5 4550 
3 April 72 13.5 4300 0 1 7 1100 
1 16.5 1250 
2 15 4000 
1 7 April 72 15 5000 0 17 1150 
1 16.5 1150 
2 16 1250 
3 16 3500 
24 April 72 14.5 5150 0 19 1200 
1 18.5 1200 
2 18 1200 
3 17 3300 
1 May 72 13 5150 0 18.5 1150 
1 1 8 1175 
2 18 1200 
3 15.5 2800 
8 May 72 16 4700 0 20 1150 
1 20 1150 
2 20 1200 
3 18.5 2800 
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Table 2 7 . (cont.) 
Date 
Station 16 S t a t i o n 1 
lemperature U o n d u c t i v i t y u e p t n , m lemperature C o n d u c t i v i t y 
1 5 May 72 1 5 4950 0 21 1100 
1 20 1100 
2 19.5 1100 
3 18 3800 
22 May 72 14 4900 0 21 1100 
1 20.5 1100 
2 20.5 1150 
3 17.5 3600 
30 May 72 20 4900 0 23.5 1100 
1 23.5 1150 
2 23.5 1150 
3 22 3100 
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g r e a t e r detail e l s e w h e r e in the t e x t . 
Oxygen s u p e r s a t u r a t i o n a p p e a r e d to be c o r r e l a t e d with 
numbers of p h y t o p l a n k t o n . For e x a m p l e , note inner bay surface 
oxygen levels for 1 , 1 5 , and 30 M a y , Tables 2 3 , 2 4 , and 25. 
N e x t , c o n s u l t F i g s . 2 4 , 2 6 , and 28 for p h y t o p l a n k t o n distri-
butions on these dates and it will b e c o m e o b v i o u s that oxygen 
c o n c e n t r a t i o n s w e r e c o r r e l a t e d with the May I n c r e a s e and de-
cline in F r a g i l a r i a . Data for March and April s u g g e s t the same 
general c o n c l u s i o n s . 
Since p h y t o p l a n k t o n growth and oxygen p r o d u c t i o n are cou-
pled f u n c t i o n s (if the algae are growing e s s e n t i a l l y as 
p h o t o a u t o t r o p h s ) the oxygen s u p e r s a t u r a t i o n s d e t e c t e d p r o b a b l y 
i n d i c a t e in situ g r o w t h , i . e . of F r a g i l a r i a to 15 M a y , and de-
c l i n e , i . e . F r a g i l a r i a 30 M a y . 
The lowest oxygen c o n c e n t r a t i o n s noted at bottom surface 
were on the o r d e r of 5 ppm (Station 8 , 17 A p r i l ; Stations 4 
and 5 , 15 M a y ; S t a t i o n s 4 , 5 , 6 , 7 , and 1 2 , 30 M a y ) . Oxygen 
curves did not b e c o m e s e v e r e l y c l i n o g r a d e e i t h e r t h r o u g h o u t 
the h y p o l i m n i o n , under the n e g a t i v e h e t e r o g r a d e d i s t r i b u t i o n 
(when it o c c u r r e d ) or in the region of the h y p o l i m n i o n just 
above b o t t o m . These o b s e r v a t i o n s s u g g e s t that the s u r f a c e of 
the s e d i m e n t s may have r e m a i n e d o x i d i z e d , and that iron and 
p h o s p h a t e r e l e a s e did not take p l a c e . This may explain oligo-
trophy over m o s t of the lake d u r i n g the spring and points to 
the wash as a more i m p o r t a n t n u t r i e n t s o u r c e than are the 
s e d i m e n t s . 
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C o n d u c t i v i t y 
C o n d u c t i v i t y data (Table 2 6 ) show that the d e n s i t y cur-
rent e x i s t e d u n i f o r m l y j u s t above the c e n t e r channel bottom 
d u r i n g M a r c h . Its s t a b i l i t y is shown by o b s e r v a t i o n of above-
b o t t o m c o n d u c t i v i t y d i s c o n t i n u i t i e s as far out in the bay as 
Station 14. 
During April and May a c o n d i t i o n of i n t e r m i t t e n t instabili 
could be d e t e c t e d . C o n d u c t i v i t y d i s c o n t i n u i t i e s b e c a m e very 
d i f f u s e , m u l t i p l e , and began to a p p e a r at lateral s t a t i o n s . 
Note e s p e c i a l l y the data for 8 M a y . 
The data in Table 27 show the r e l a t i o n s h i p of t e m p e r a t u r e 
and c o n d u c t i v i t y data at S t a t i o n s 16 (wash) and 1. The con-
d u c t i v i t y r e s u l t s i n d i c a t e a trend toward g r e a t e r m i x i n g after 
17 A p r i l . 
The c o n s i s t e n t l y lower t e m p e r a t u r e s r e c o r d e d for Station 
16 than above b o t t o m at Station 1 may r e f l e c t the actual time 
of data c o l l e c t i o n r a t h e r than m i x i n g , and point out a w e a k -
ness in the s a m p l i n g s c h e m e . C o n t i n u o u s l y r e c o r d e d data should 
have been taken on at least one date in May to i n d i c a t e the 
e f f e c t of diurnal t e m p e r a t u r e s on the fate of the flow from 
the w a s h . 
C o n c l u s i o n for this Period 
Physical data s u b s t a n t i a t e but do not prove the h y p o t h e s i s 
that i n c r e a s e d m i x i n g of the flow from the wash with the w a t e r 
of the inner bay a f t e r 1 April brings a b o u t marked i n c r e a s e s in 
94 
p h y t o p l a n k t o n growth rates in the inner b a y . 
The absence of a c l i n o g r a d e oxygen curve near the s e d i m e n t 
surface s u g g e s t s that n u t r i e n t releases are not o c c u r r i n g from 
the bottom s e d i m e n t s . 
S u m m e r Plankton M a x i m a 
Biotic Factors 
A large i n c r e a s e in F r a g i l a r i a d u r i n g May began at the 
point of j u n c t u r e of the Wash and the Bay (850 c o l o n i e s p y ml 
on 15 M a y ) and s i g n a l e d c o n v e r s i o n of the e i p l i m n i o n to m i l d l y 
e u t r o p h i c c o n d i t i o n s . 
N u m b e r s of F r a g i l a r i a colonies were s o m e w h a t less n u m e r o u s 
in the m i d d l e bay (250-500 c o l o n i e s per m i l l i l i t e r out to Sand 
I s l a n d ) . H o w e v e r , the o u t e r bay r e m a i n e d in an o l i g o t r o p h i c 
c o n d i t i o n . 
During June large p o p u l a t i o n s of colonial green algae 
s u c c e e d e d the F r a g i l a r i a . These o r g a n i s m s o r i g i n a t e d in the 
inner b a y . S u b s e q u e n t l y a "wave" of i n c r e a s e and decline moved 
s t e a d i l y o u t w a r d into the outer bay and l a k e , with 2700 colonies 
per m i l l i l i t e r o b s e r v e d near the Water D i s t r i c t intake s t r u c t u r e 
on 19 J u n e . Implied in the data is a m e c h a n i s m for t r a n s f e r e n c e 
of n u t r i e n t in algal cells t h r o u g h o u t the e p i l i m n i o n from the 
point of j u n c t u r e with the wash to the body of the l a k e . 
In July and A u g u s t , m a x i m a of C y c l o t e l l a , a d i a t o m , and 
A n a b a e n a , a b l o o m - f o r m i n g b l u e - g r e e n a l g a e , followed the dis-
a p p e a r a n c e of colonial green a l g a e . Increase in C y c l o t e l l a and 
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A n a b a e n a was first noted in the inner b a y , and reached great-
est n u m b e r s there (53,850 C y c l o t e l l a cells and 900 A n a b a e n a 
colonies per ml near Las Vegas Bay Marina on 24 J u l y ) . Popula-
tions were high t h r o u g h o u t the b a y , with 8000 C y c l o t e l l a per ml 
observed at Station 1 1 , between Sand Island and the j u n c t u r e of 
the bay and the l a k e . 
This s u c c e s s i o n in p o p u l a t i o n s seemed one of the m o s t 
i m p o r t a n t b i o l o g i c a l events recorded during the p r o g r a m . T h u s , 
it seemed e s p e c i a l l y p e r t i n e n t to insure that i d e n t i f i c a t i o n s 
w e r e c o r r e c t . A c c o r d i n g l y , s a m p l e s w e r e f o r w a r d e d to D r . G. W . 
P r e s c o t t of the U n i v e r s i t y of M o n t a n a b i o l o g i c a l station at 
Flathead L a k e . His c o m m e n t s c o n f i r m e d the I d e n t i f i c a t i o n s made 
by p r o g r a m personnel (Table 2 8 ) . In figures showing p l a n k t o n 
d i s t r i b u t i o n s by w e e k , C y c l o t e l l a species listed as common by 
Dr. P r e s c o t t are grouped as " C y c l o t e l l a 2 " , and the species 
found on 3 July d e s i g n a t e d " C y c l o t e l l a 1". 
A s u m m a r y of events by week is as f o l l o w s : 
T- July 3. (Fig. 3 4 ) . C a r t e r i a was still the m o s t 
n u m e r o u s o r g a n i s m p r e s e n t at S t a t i o n s 1 , 2 and 3 in the inner 
b a y . H o w e v e r , total numbers of this and other algae w e r e less 
than on 26 J u n e . 
In the m i d d l e and outer b a y , colonial green algae were 
still d o m i n a n t , though also less n u m e r o u s than on 26 J u n e . 
The only points s h o w i n g i n c r e a s e s were Station 15 In the main 
body of the l a k e , and a Las Vegas Marina s a m p l e . 
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Table 2 8 . P h y t o p l a n k t o n c o l l e c t e d during early July 
1972 in Las Vegas Bay and i d e n t i f i e d by 
Dr. G. W . P r e s c o t t . 
C h l o r o p h y t a 
S c e n e d e s m u s q u a d r i c a u d a ( T u r p . ) B r e b . 
S c e n e d e s m u s b r e v i s p i n u s (Smith) C h o d a t 
S c e n e d e s m u s a c u m i n a t u s (Lag.) C h o d a t 
T e t r a e d r o n m i n u m u m (A. B r a u n ) H a n s g . 
P y r r o p h y t a 
G l e n o d i n i u m s p . 
P e r i d i n i u m q u a d r i d e n s 
C y a n o p h y t a 
A n a b a e n a s p . (probably A . c i r c i n a l i s - K u e t z . ) R a b . 
G l o e o c y s t i s s p . 
C h r y s o p h y t a 
C y c l o t e l l a atomus ( c o m m o n ) 
C y c l o t e l l a g l o m e r a t a 
C y c l o t e l l a s p . 
Eunotia s p . 
F r a g i l a r i a s p . 
N a v i c u l a s p . 
Synedra ulna 
Synedra s p . 
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A p p a r e n t l y , the c u s t o m a r y m o n t h l y d e c l i n e was taking place 
In the b a y . As shown in Table 2 9 , the colonial green algae (at 
least at Station 4) had fallen to a point of equal density in 
the m e t a l i m n i o n , e v e n t u a l l y to sink through the h y p o l i m n i o n to 
the s e d i m e n t s . 
Table 29 also shows the d i s t r i b u t i o n of m o t i l e f l a g e l l a t e s 
in the w a t e r c o l u m n . Note the d i s t r i b u t i o n of G l e n o d i n i u m with 
a m a x i m u m at 10 meters and few or none below 20 m e t e r s , both 
on 3 and 10 J u l y . Phacotus was also m o s t n u m e r o u s at 10 m e t e r s , 
but could be found all the way from the s u r f a c e to the b o t t o m 
at 44 m e t e r s . G l e n o d i n i u m and Phacotus have been pesi s t e n t 
t h r o u g h o u t the m o n t h . T h u s , although c o n c e n t r a t i o n at 10 meters 
may r e p r e s e n t sinking c e l l s , c h e m o t a x i s or r e s p o n s e to o t h e r 
stimuli also seems p o s s i b l e . In this case r e m a r k a b l e a d a p t a b i l i -
ty of G l e n o d i n i u m , P h a c o t u s , and C a r t e r i a , and a c a p a c i t y for 
h e t e r o t r o p h i c m e t a b o l i s m , are i m p l i e d . 
Samples from 44 meters c o n t a i n e d diatoms found a l m o s t always 
in Las Vegas Wash but not e l s e w h e r e in s u r f a c e s a m p l e s . Perhaps 
s e d i m e n t s u r f a c e counts of E p i t h e m i a , G o m p h o n e m a , and S u r i r e l l a 
or N i t z s c h i a w o u l d be helpful in d e t e r m i n i n g the fate of inflow-
ing w a t e r from the W a s h . 
2. July 10. This date marks the b e g i n n i n g of the Cyclo-
tella b l o o m . Note that these o r g a n i s m s were found only at Sta-
tions 1 , 2 and 3 , and not at o t h e r s h a l l o w p o i n t s , or in the 
w a t e r column at Station 4 (Table 2 9 ) . This i n d i c a t e s that the 
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Table 2 9 . D i s t r i b u t i o n of Plankton with D e p t h , 3 and 10 J u l y , 
1 9 7 2 , Station 4. 
3 July 10 July 
D e p t h , M 
0 
Genus 
C h l a m y d o m o n a s 
C a r t e r i a 
G l e n o d i n i u m 
C y c l o t e l l a , 









A n a b a e n a 
C a r t e r i a 
G l e n o d i n i u m 










G l e n o d i n i u m 




G l e n o d i n i u m 
C a r t e r i a 
Phacotus 
Colonial Greens 
G l e n o d i n i u m 
C a r t e r i a 













C a r t e r i a 
A n a b a e n a 
G l e n o d i n i u m 
C y c l o t e l l a 1 
G l e n o d i n i u m 
C a r t e r i a 
A n a b a e n a 
C y c l o t e l l a 1 
G l e n o d i n i u m 
F r a g i l a r i a 
C a r t e r i a 














Table 2 9 . (cont.) 





G l e n o d i n i u m 
C a r t e r i a 
O s c i l l a t o r i a 
Colonial Greens 
F r a g i l a r i a 
P h a c o t u s 












G l e n o d i n i u m 
C a r t e r i a 
C y c l o t e l l a 1 
F r a g i l a r i a 
C a r t e r i a 
C y c l o t e l l a 
F r a g i l a r i a 











44* C y c l o t e l l a 
F r a g i l a r i a 
P h a c o t u s 
S t e p h a n o d i s c u s 
S y n e d r a 







(Also: E p i t h e m i a , G o m p h o n e m a , 
C a r t e r i a . ) 
F r a g i l a r i a 25 
S t e p h a n o d l s c u s 22 
C y c l o t e l l a 1 17 
C y m b e l l a 4 
N a v i c u l a 3 
Synedra 2 
(Also: E p i t h e m i a , Gom-
p h o n e m a , S u r i r e l l a , 
A s t e r i o n e l l a . ) 
* D e b r i s p r e v e n t e d e n u m e r a t i o n of p l a n k t o n other than d i a t o m s and 
P h a c o t u s . 
Note: E x c e p t for data for 44 m e t e r s , only the 4 most n u m e r o u s species 
are s h o w n . 
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origin of this p a r t i c u l a r p o p u l a t i o n m a x i m u m was a s s o c i a t e d 
with the W a s h . 
As in J u n e , a p l a n k t o n i c b l u e - g r e e n a l g a e , A n a b a e n a circi-
n a l i s , a p p e a r e d , but in far fewer numbers than C y c l o t e l l a . Ana-
baena d e c r e a s e d in n u m b e r s with d i s t a n c e from the mouth of the 
M a s h , and was p r e s e n t in s i g n i f i c a n t numbers only in the region 
above 10 m e t e r s . 
Note the p e r s i s t e n c e of G l e n o d i n i u m and C a r t e r i a , and the 
e x t i n c t i o n of the colonial green a l g a e . 
A l t h o u g h not y e t n u m e r o u s enough to be p l o t t e d , N a v i c u l a 
was d i s t r i b u t e d t h r o u g h o u t t h s b a y . 
3. June 17 and 2 4 . These figures should be o b s e r v e d 
t o g e t h e r so the e n o r m o u s d e v e l o p m e n t of C y c l o t e l l a may be 
a p p r e c i a t e d . 
On 12 J u n e , the o r g a n i s m s seemed to have a p r e d i l e c t i o n 
for the c e n t e r s t a t i o n s ; on the 24th the d i s t r i b u t i o n was more 
r e g u l a r . On both d a y s , by far the g r e a t e s t numbers w e r e found 
in the inner b a y . 
A n a b a e n a , u n i c e l l u l a r F r a g i l a r i a , and N a v i c u l a a p p e a r as 
s a t e l l i t e s , much as M i c r o c y s t i s did during the previous m o n t h . 
A g a i n , Carteria and G l e n o d i n i u m p e r s i s t e d at m o s t s t a t i o n s . 
A f t e r a brief d e c l i n e in e a r l y A u g u s t , C y c l o t e l l a and 
A n a b a e n a again produced a m a x i m u m , though not as s p e c t a c u l a r 
as that recorded in July (18,700 C y c l o t e l l a per ml at the j u n c t i o n 
of the wash and the bay on 5 S e p t e m b e r ) . A l t h o u g h C y c l o t e l l a 
was less n u m e r o u s as d i s t a n c e from the wash i n c r e a s e d , A n a b a e n a 
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was more e v e n l y d i s t r i b u t e d , with 50-200 c o l o n i e s noted at al-
most every s t a t i o n . An a n o m a l o u s l y high p o p u l a t i o n of 580 
colonies was noted at Station 4 , in the m i d d l e bay between Las 
Vegas Marina and Sand I s l a n d , also refer to F i g s . 2 9 - 4 4 . 
Physical Factors 
A n e g a t i v e h e t e r o g r a d e oxygen profile d e v e l o p e d during 
May and J u n e , with oxygen c o n c e n t r a t i o n s l o w e s t in the 20-30 
m e t e r r e g i o n , below the knee of the t h e r m o c l i n e . The d e g r e e 
of oxygen d e p l e t i o n a p p e a r e d to be c o r r e l a t e d with s u r f a c e 
p l a n k t o n p o p u l a t i o n s and with s o n a r e v i d e n c e for large numbers 
of fish in the zone of d e p l e t i o n i t s e l f . Numbers of total 
v i a b l e b a c t e r i a c o r r e l a t e d with the t h e r m o c l i n e and zone of 
d e p l e t i o n , but at m o s t were r a t h e r l o w , with 5900/ml at 15 
meters being the h i g h e s t p o p u l a t i o n noted on 10 J u l y . At 
this time no c o l i f o r m b a c t e r i a were found in the upper epi-
l i m n i o n . At 1 0 , 1 5 , 2 0 , 3 0 , and 44 meters at Station 4 , 
6 , 3 3 , 3 5 , 1 8 , and 50 c o l i f o r m s per ml w e r e o b s e r v e d . W h e t h e r 
these b a c t e r i a o r i g i n a t e d from fish or from the wash is not 
k n o w n . H o w e v e r , the data I n d i c a t e lack of t r a n s f e r of coll form 
b e a r i n g w a t e r across the t h e r m o c l i n e , and c o r r e l a t i o n of num-
bers with the n e g a t i v e h e t e r o g r a d e oxygen c u r v e s . A d d i t i o n a l 
e x a m i n a t i o n of the zone of oxygen d e p l e t i o n is p r e s e n t e d later 
in this r e p o r t . 
The d e n s i t y c u r r e n t rose from the b o t t o m during this per-
iod and on 24 J u l y , could be d e t e c t e d just below the knee of 
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the t h e r m o c l i n e , which p r e v a i l e d fairly u n i f o r m l y at 10 m e t e r s . 
The f o l l o w i n g table is i l l u s t r a t i v e of the s i t u a t i o n . 
Station 
Las Vegas 
Wash 1 2 3 4 
Location of Cur-
r e n t , m e t e r s 
6 10-12.5 15 15-20 
Surface Conduc-
t i v i t y , m 
m h o s / c m ^ 
1150 1030 1050 1050 
C u r r e n t C o n d u c -
tivity 
4 3 0 0 - 5 1 5 0 3100 1300-2200 1400 1100 
C o n d u c t i v i t y 
below C u r r e n t 
C u r r e n t 





b o t t o m ) 
(current 
above 
b o t t o m ) 
1000 1000 
Note that the c u r r e n t is above the t h e r m o c l i n e until it reaches 
a point b e t w e e n Stations 2 and 3 . H e r e , gain of n u t r i e n t s by 
the e p i l i m n i o n could and p r o b a b l y did o c c u r . Beyond Station 3 , 
the c u r r e n t was still too close to the e p i l i m n i o n to j u s t i f y a 
c o n c l u s i o n that s u r f a c e w a t e r s w e r e not being e n r i c h e d by 
n u t r i e n t s from the c u r r e n t . I n f l u e n c e of w a t e r from Las Vegas 
Wash is e a s i l y e v i d e n t . 
During this critical period, t r a c e r s t u d i e s are needed to 
q u a n t i f y the p e r c e n t a g e d i s t r i b u t i o n of n u t r i e n t s from Las Vegas 
Bay b e t w e e n e p i l i m n i o n and h y p o l i m n i o n . H o w e v e r , it seems obvi-
ous that e n r i c h m e n t of the e p i l i m n i o n must o c c u r p r i n c i p a l l y in 
the inner b a y . 
Note also that the s h a l l o w e p i l i m n i o n is of far lesser 
volume than the w h o l e mass of the b a y , hence a d d i t i o n of n u t r i e n t s 
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to surface w a t e r s must result In much more p r o n o u n c e d e n r i c h -
ment e f f e c t s than a d d i t i o n s to the e n t i r e bay volume during 
the M i x i n g C o n d i t i o n , or d u r i n g Spring O l i g o t r o p h y , when the 
c u r r e n t is found only j u s t above the b o t t o m . 
As has been m e n t i o n e d p r e v i o u s l y and I l l u s t r a t e d in 
Fig. 4 6 , oxygen d e p l e t i o n is a rare e v e n t at the s e d i m e n t sur-
face but r e l a t i v e l y common in the t h e r m o c l i n e during the course 
of the y e a r . 
Return to M i x i n g C o n d i t i o n s 
B i o t i c C o n d i t i o n s 
D e e p e n i n g of the e p i l i m n i o n during the fall was accom-
panied by a slow return to an o l i g o t r o p h i c c o n d i t i o n . Algae 
c o n t i n u e d to be r e l a t i v e l y more n u m e r o u s in the inner bay but 
n u m b e r s d e c l i n e d to less than 500 cells per ml for all genera 
p r e s e n t at m i d d l e and outer bay s t a t i o n s in early N o v e m b e r . At 
inner bay s t a t i o n s n u m b e r s ranged up to 1258 cells of C y c l o t e l l a 
per ml at Station 1, down c o n s i d e r a b l y from the high levels 
reached in July and again in S e p t e m b e r . During this period 
t h r o u g h o u t the bay the o v e r w h e l m i n g p r e d o m i n a n c e of C y c l o t e l l a 
d i m i n i s h e d w h i l e the a b u n d a n c e of C a r t e r i a r e m a i n e d much more 
s t a b l e . A n a b a e n a also d e c l i n e d m a r k e d l y in a b u n d a n c e . The 
s h i f t then seems to involve a d e c l i n i n g a b u n d a n c e of C y c l o t e l l a 
and A n a b a e n a plus a r e l a t i v e s t a b i l i t y in a b u n d a n c e of C a r t e r i a 
and G l e n o d i n i u m r e s u l t i n g in a N o v e m b e r p o p u l a t i o n in which 
d o m i n a n t p o s i t i o n s are held by C y c l o t e l l a , C a r t e r i a , G l e n o d i n i u m 
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and A n a b a e n a . A n a b a e n a m a i n t a i n s a r e l a t i v e l y more p r o m i n e n t 
position in the m i d d l e and o u t e r bays than in the inner bay 
h o w e v e r . 
By early N o v e m b e r the t h e r m o c l i n e had been lowered from 
10-15 meters in the s u m m e r to 35-45 meters in late f a l l . This 
c o m b i n a t i o n of c o o l i n g t e m p e r a t u r e s with I n c r e a s i n g volume of 
the e p i l i m n i o n is a s s o c i a t e d with d e c l i n i n g p h y t o p l a n k t o n pop-
u l a t i o n s . The d e n s i t y c u r r e n t , still d e t e c t a b l e n e a r l y to 
Station 3 r e t u r n e d to a p o s i t i o n just above the b o t t o m . For 
b r i e f p e r i o d s d u r i n g the return to m i x i n g the s e d i m e n t s u r f a c e 
may show oxygen d e p l e t i o n as the lowering t h e r m o c l i n e inter-
sects the b o t t o m . This s i t u a t i o n is t r a n s i t o r y h o w e v e r and 
p r o b a b l y occurs i n f r e q u e n t l y and b r i e f l y and t h e r e f o r e is of 
minimal s i g n i f i c a n c e with r e s p e c t to n u t r i e n t r e g e n e r a t i o n 
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P l a n k t o n in Las Vegas Bay 6 / 2 6 / 7 2 . 
t '' 
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C y c l o t e l l a ' 
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P l a n k t o n in Las V e g a s Bay 7 / 3 / 7 2 ' .' 
LUM 3B 
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P l a n k t o n in Las V e g a s Bay 7 / 1 0 / 7 2 
-L 
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( S p e c i e s 2 , 3 ) 
C y c l o t e l l a . . 
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Fig. 36. 
P l a n k t o n in Las V e g a s Bay 7 / 1 7 / 7 2 
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E p i t h e m i a Ep C y c l o t e l l a 
( S p e c i e s 
A n a b a e n a 
C a r t e r i a . 
N a v i c u l a r 
f r a g i l a r i a . . j.; 
P h a c o t u s . ' -''-; 
G l e n o d i n i u m 
C y c l o t e l l a ; 
( S p e c i e s 1) 
^ n a. 
100 S i n g l e C e l f S 
100 C o l o n i e s ... 
10 S i n g l e C e l l s 
10 C o l o n i e s ; 
. F i g . 37. 




C y c l o t e l l a C2 
(Species 2 ,3) 
A n a b a e n a AN 
(Species 1 ,2) 
C a r t e r i a CA 
G l e n o d i n i u m G. 
Phacotu-s PS 
N a v i c u l a N 
P e n n a l i a n Diatam PD 
( I d e n t i f i c a t i o n 
p e n d i n g ) 
S y n e d r a 
C y c l o t e l l a 
(Species 1) 
Fig. 38 
P l a n k t o n in Las Vegas Bay 31 July 1972 
C y c l o t e l l a 
(Species 2,3) 
C y c l o t e l l a 
(Species 1) 
A n a b a e n a 
C a r t e r i a 
w a v i c u l a 
G l e n o d i n i u m 
P h a c o t u s 
P e n n a l i u n D i a t a m 
( I d e n t i f i c a t i o n 











A n a b a e n a 
C y c l o t e l l a 
(Species 2_ 
C y c l o t e l l a 
(Speces 1) 
N a v i c u l a 
C h l a m y d o m o n a s 
C a r t e r i a 
G l e n o d i n i u m 
P h a c o t u s 
N i t z s c h i a 
S t e p h a n o d i s c u s 















S i n g l e Cells 
C o l o n i e s 
10 Cells 
10 C o l o n i e s 
F i g . 33. 
P l a n k t o n in Las Vegas Bay 21 A u g u s t 1972 
C y c l o t e l l a C2 
(Species 2 , 3 ) 
A n a b a e n a AN 
C a r t e r i a CA 
N a v i c u l a N 
P h a c o t u s PS 
G l e n o d i n i u m ' G 
P e n n a l i a n Diatam PD 
( I d e n t i f i c a t i o n 
p e n d i n g ) 
Cd ) 4 
^ ^ 
100 Single Cells 
100 C o l o n i e s 
10 S i n g l e Cells 
10 C o l o n i e s 
Fig. 4 1 . 
P l a n k t o n in Las Vegas Bay 28 A u g u s t 19 72/ 
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C y c l o t e l l a 
(species 2 , 3 ) 
A n a b a e n a 
C a r t e r i a 
N a v i c u l a 
P h a c o t u s 
G l e n o d i n i u m 







E p i t h e m i a 
N i t z s c h i a 
C y c l o t e l l a 
(Species 










100 S i n g l e C e l l s 
100 C o l o n i e s 
10 S i n g l e C e l l s 
10 C o l o n i e s 
Fig. 42. 
P l a n k t o n in Las V e g a s Bay 5 S e p t e m b e r 1972 
C y c l o t e l l a 
(Species 2 , 3 ) 
C y c l o t e l l a 
(Spccies 1) 
A n a b a e n a 
N a v i c u l a 
G l e n o d i n i u m 
P h a c o t u s 
C a r t e r i a 
P l a t y d o r i n a 
P e n n a l i a n D i a t o m 
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100 S i n g l e C e l l s 
100 C o l o n i e s 
10 S i n g l e C e l l s 
10 C o l o n i e s 
Fig. 43. 
P l a n k t o n in Las V e g a s Bay 11 S e p t e m b e r 1972 
C y c l o t e l l a 
(Species 2 , 3 ) 
A n a b a e n a 
G l e n o d i n i u m 
P h a c o t u s - . 
N a v i c u l a 
C a r t e r i a 








N i t z s c h i a NI 
E p i t h e m i a EP 
PZZZ3 lmm*= 100 S i n g l e C e l l s 
H t 1mm = 100 C o l o n i e s 
1mm = 
1mm = 
10 S i n g l e C e l l s 
10 C o l o n i e s 
F i g . 4 4 . 
P l a n k t o n in Las V e g a s Bay 18 S e p t e m b e r 1972 
* * 
h ' S . 
l l ? 
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TABLE 3 0 . 
T E M P O R A L AND S P A T I A L D I S T R I B U T I O N OF PLANKTON GENERA IN 
SURFACE S A M P L E S TAKEN FROM LAS VEGAS BAY S A M P L I N G S T A T I O N S 
C l a s s i f i c a t i o n 
C h l o r o p h v t a 
--.ctinastrum 
1 2 / 1 7 / 7 1 1 2 / 2 6 / 7 1 1 / 3 / 7 2 
A n k i s t r o d e s n u s 
C a r t e r i a 
C h l a m y d o m o n a s 
C h i o r e l l a 
C l o s t e r i d i u m 
C o e l a s t r u m 
C o l o n i a l G r e e n 
P a l m e l l a c e a e , 
O o c y s t a c e a e 
C o s m a r i u m 
C r u c i g e n a 
D i c t y ^ p h a e r i u m 
n y a l o t h e c a 
L a g e r h e i m i a 
i-'icrasterias 
O o c y s t i s 
P a n d o r i n a 
P h a c o t u s 
P l a n k t o s p h a e r i u m 
P l a t y m o n a s 
P r o t o d e r m a 
S c e n e d e s m u s 
3 c h r c s d a r i a 
T e t r a d e s m u s 
T e t r a s d r o n 
S t a u r a s t r u m 
* P l a t y d o r i n a 
2 - 1 1 , 1 3 -
15 
2 - 1 1 , 1 3 -
15 




7 , 3 , 9 , 1 0 3 , 5 , 6 
2 - 6 
2-6 
7 , 8 , 9 , 1 0 




2 , 3 , 5 , 7 , 
8 , 9 , 1 2 
1 , 3 , 5 , 9 
12 
1 / 1 0 / 7 2 1 / 1 7 / 7 2 
1 3 , 1 4 , 1 5 
1 - 4 , 6 , 7 , 1 - 1 2 
9 , 1 2 
1 - 9 , 1 2 1 - 1 4 
13,15 
4 , 5 - 1 0 , 
1 2 - 1 5 
1 , 5 , 1 0 
1 , 2 , 4 - 7 1 - 1 5 
2 , 3 - 9 , 
13-15 
1 - 1 5 
1 - 1 5 
2 - 1 5 
2 - 1 5 
14 
1 , 3 , 4 , 5 , 6 , 
8 - 1 0 , 1 3 - 1 5 
3,8 
1 - 1 5 
1 1 , 1 3 , 1 4 
i 3 
1 / 3 1 / 7 2 
1 , 3 , 4 , 
c - 1 5 
1 , 3 , 4 , 
6 - 1 5 
2,6 
3,9 
3 , 1 0 , 1 1 , 3 , 4 , 6 - 3 , 
, 1 5 11-15 
2 / 7 / 7 2 
1 - 1 5 
1 - 1 5 
1 - 4 , 6 - 1 5 2 - 1 5 
2 / 1 4 / 7 2 
15 
4 , 1 1 , 1 4 
2 - 1 5 
2 / 2 2 / 7 2 
1 - 3 , 5 - 1 0 , 1 - 1 5 
1 2 , 1 3 , 1 5 
1 - 7 , 9 - 1 5 1 - 1 5 
8 
3 , 4 , 6 - 1 1 , 3 , 4 , 9 , 
13 15 
1 - 1 5 
3 , 6 , 8 , 
12 
2 / 2 8 / 7 2 
1-14 
1-14 
1 1 , 1 3 
1 1 , 1 3 , 1 4 8,14 
l-T 6 7 
3 / 6 / 7 2 









3 / 1 3 / 7 2 
1-10,12-
1 5 




1 - 3 , 5 - 8 , 
1 4 . 1 5 
5 , 8 , 1 3 
3 / 2 0 / 7 2 
1 - 1 5 
1 - 9 , 1 5 
3 , 1 5 
10,12 
1 , 3 , 1 0 , 
15 
1 0 , 1 2 , 1 4 , 
15 
3 / 2 3 / 7 2 
1 - 4 , 6 , 
8 - 1 5 
1 , 2 , 4 - 8 , 
1 0 - 1 5 
1 , 2 , 4 - 6 , 
7 - 1 0 
1 , 3 , 4 , 
12 
2,3,6 
1 , 3 - 6 , 9 
13 
3 
1 , 2 , 4 , 
5 , 8 , 1 5 
15 
1 , 3 , 4 , 1 3 
4 / 3 / 7 2 
2 - 1 5 
1 - 7 , 9 - 1 3 
15 
1 , 2 , 1 3 
1 - 4 
1 - 5 , 1 1 




1 0 , 1 4 
4 / 1 0 / 7 2 










4 / 1 7 / 7 2 
3 
1 - 7 , 9 , 1 0 
12 -
1 ,2 , 11 
2 , 3 , 7 
3 , 1 0 , 1 1 
13,14 
1-16 
3 , 8 , 1 0 
1 , 2 , 4 , 
7,11 
4 / 2 4 / 7 2 
2 - 4 , 6 , 
8 
1 - 1 4 
8 , 1 1 , 
15,16 
16 
1 - 4 , 7 




1 - 7 , 9 , 
1 2 
5 , 7 , 8 
1 ? ^ 
I , 2 , 7 , 9 , 
II,14 3 , 3 , 1 1 , 1 5 
i - t 3 
7,3 
5/8/7: 
1 - 3 , 5 - 6 , 
9,10 
1 - 6 
1 , 5 , 9 , 
12 
1 - 3 
, 2 , 4 , 5 , 1 - 1 5 
5 / 1 5 / 7 2 
1 - 1 5 
8 , 1 1 - 1 3 
1 , 4 , 3 , 1 0 -
14 
1 , 2 , 4 , 6 , 
8 - 1 4 




1 - 7 , 1 1 , 
12 
1 , 3 , 7 
2 
1 - 1 5 





5 / 2 2 / 7 2 5 / 3 0 / 7 2 6 / 5 / 7 2 6 / 1 5 / 7 2 T/i 9 / 7 2 6 / 2 6 / 7 2 7 / 3 / 7 2 7 / 1 0 / 7 2 7 / 1 7 / 7 2 7 / 2 4 / 7 2 7 / 3 1 / 7 2 
: 7 / 7 2 8 / 1 4 / 7 2 8 / 2 1 / 7 2 8 / 2 8 / 7 2 9 / 5 / 7 2 9 / 1 1 / 7 2 9 / 1 8 / 7 2 3 / 2 5 / 7 2 1 0 / 2 / 7 2 0 / 1 0 / 7 2 1 0 / 1 6 / 7 2 1 0 / 2 4 / 7 2 1 1 / 6 / 7 2 
3 , 7 , 9 , 1 1 , 4 , 7 , 3 
13,15 
1 - 1 2 , 1 4 , 1 - 1 5 1 - 1 5 
15 
1 - 3 , 1 5 3,4 1 - 3 
1 - 5 , 7 -
15 
1 - 1 5 
3 
1 - 1 5 
1 - 4 
1 - 1 5 
2-6 
1 - 1 5 1 - 1 5 1 - 1 5 1 - 1 5 
_ i 1-16 1 - 1 5 
1 - 7 
1 - 1 5 1 - 1 5 1 - 1 4 1 - 1 5 15 1 - 1 5 1 - 1 5 1 - 1 5 1 - 1 4 
1 - 1 5 




1 - 1 5 
1 , 3 , 4 , 6 , 4 , 5 , 1 1 3 
8 , 9 , 1 3 , 1 4 
1 - 1 5 1 - 1 5 1 , 5 - 1 5 
1 , 1 0 , 1 5 2 , 4 , 8 
8 - 1 5 15 
14,15 
9 , 1 0 , 1 5 10 
1 - 5 , 8 , 
9 
5 , 9 , 1 3 
2 - 4 , 8 
2 - 5 , 7 , 8 , 
1 1 , 1 2 , 1 4 
1 ,2 
1 - 4 , 6 , 8 -
1 2 , 1 4 , 1 5 
2 , 9 , 1 0 , 
16 
I ' ^ 5 * 7 , 1 . 7 , 9 . 1 2 , 1 - 8 , 1 1 , 1 , 5 , 6 , 




5 , 6 , 7 , 8 







1 - 1 5 
1 , 3 , 5 - 1 5 1 - 1 5 
1 - 4 , 8 , 1 1 
14 
2 - 1 2 , 14 
15* . 
1 - 1 2 , 1 4 
15 
1 - 1 5 
1 , 7 , 8 , 1 1 , 1 - 4 , 8 , 
12 10 
1 - 1 3 
2 - 1 5 
1 - 1 5 
4 3 - 6 1 - 3 , 5 , 8 - 1 , 2 , 4 - 8 , 1 - 3 , 5 - 8 , 
11,13 1 0 - 1 5 11,12,14,15 
1 - 3 , 5 , 6 , 9 14 1 , 4 - 7 , 1 3 2,10 1 , 4 , 6 , 8 -
1 2 , 1 3 1 0 , 1 2 
1 - 1 5 1 - 6 , 8 , 1 0 , 2 , 5 , 8 , 1 0 , 1 - 5 , 7 - 1 5 1 - 1 5 1 - 9 , 1 1 -
12,14 1 1 , 1 3 , 1 5 1 3 , 1 5 
6 1,14 5 , 7 , 1 5 2 ^ 7 , 1 0 , 1 2 6 , 7 , 9 , 
1 - 9 , 1 1 - 1 5 1 - 5 , 7 , 
8 , 1 1 - 1 5 
1 - 5 , 1 0 , 1 1 , 1 - 4 , 6 - 1 0 , 2 , 4 , 5 , 8 , 
1 4 , 1 5 12-15 15 
10,11 
2 , 5 , 6 , 7 , 8 , 1 - 3 , 5 , 7 , 
1 2 , 1 3 , 1 5 14 
; , 2 , 1 2 , 
1-15 
1 , 3 , 4 , 5 , 1 - 3 , 6 , 9 - 1 1 , 1 , 2 , 4 , 8 , 1 0 , 2 , 3 2 , 6 , 1 0 -
7 - 1 0 , 1 4 , 1 5 13-15 1 1 , 1 3 - 1 5 13 
1,9 2 - 6 , 9 - 1 2 1 , 4 , 8 , 1 1 , 1 , 3 , 3 , 9 , 1 , 3 , 7 , 9 
13 12 14 
1 - 1 5 1 - 1 5 1 - 1 5 1 - 1 5 1 - 1 4 
1 - 1 0 , 1 2 - 1 - 4 , 6 - 1 2 , 1 , 3 - 5 , 9 - 1 , 3 , 6 , 8 , 1 , 4 , 5 , 7 , 
14 1 4 , 1 5 13 9,14 9 - 1 4 
10 1 , 6 , 7 , 1 0 , 
1 - 4 , 6 - 1 5 4,5,8-
1 3 , 1 5 
1 - 1 3 , 1 5 1 - 1 5 




1 , 2 , 4 , 6 -
8 
1 - 1 6 
4 , 5 , 8 , 1 2 
1 , 6 , 8 , 1 3 , 1 , 7 , 9 , 1 0 , 2 , 5 - 3 , 
14 
1 , 2 , 6 , 7 , 
13. 
1 - 1 5 
12-15 
2,9 
1 , 2 , 4 - 1 5 
2 , 5 , 1 5 
1 - 4 , 1 1 - 1 4 1 , 2 , 4 , 6 , 
1 0 , 1 3 , 1 5 
1 0 - 1 3 
1 , 3 , 6 , 9 
1 - 1 1 , 1 3 , 
14 
1,9,11 
1 - 7 , 9 - 1 3 
1 - 4 , 7 - 9 , 
1 1 , 1 2 
3 - 7 , 1 4 , 1 5 
5 , 7 , 1 4 
2 , 4 - 1 1 , 1 3 , 1 - 5 , 8 , 9 , 
14 1 1 - 1 3 , 1 5 
6 , 1 0 
1 - 3 
15 
3 , 5 , 8 2:3,14 
1 
11 , 12 
I , 2 , 5 - 8 , 
II,13 
1 - 6 , 1 1 , 1 2 1 - 3 , 6 , 7 , 
9 - 1 2 , 1 4 
1 - 3 , 8 , 9 , 
11,13,1? 
1 3 , 5 , 
3 J 3 
2 , 5 , 6 , 1 0 1,4 1 - 3 , 5 
C l a s s i f i c a t i o n 
f y r r g n h y t a 
Caratiur.i 
G l e n o d i n i u m 
G c n y a u l a x 
G y n n o d i n i u m 
H e n i d i n i u m 
Periainiurn 
C y a n o p h y t a 
1 2 / 1 7 / 7 2 1 2 / 2 6 / 7 1 1 / 3 / 7 2 
3 , 4 , 5 , 6 1 - 9 , 1 2 
1 , 6 - 1 1 , 2 , 7 - 1 1 , 1 - 9 , 1 2 
1 3 - 1 5 1 3 , 1 4 , 1 5 
1 / 1 0 / 7 2 1 / 1 7 / 7 2 
1 - 1 3 
1 - 1 5 
1 - 1 5 
i 2- / 7 2 
. - i -
! 2 - 1 3 , 1 5 
: 
t 
1 / 3 1 / 7 2 2 / 7 / 7 2 
1 , 3 - 9 , 1 1 
15 
1 - 6 , 8 - 1 4 
1-4,6-
1 0 , 1 4 
1 - 1 5 
2 / 1 4 / 7 2 
2 - 6 , 8 , 1 1 , 
13,15 
1 , 3 - 1 5 
A n a b a e n a 
Ccelcsphaerium 
Glaocystis* 
M e r i s n c p e d i a 
M i c r o c y s t i s 
O s c i l l a t o r i a 
R a p h i d i o p s i s 
S p i r u l i n a 
St*:cho3*i phon 
C r y c t o p h y c e a e 
C h i l o m o n a s 
E'jglenophyta 
Z ; g l a n a 
A s t a s i a 
2 - 7 , 1 4 , 3 , 4 , 5 
15 
2-7,<? 
3 , 4 , 9 
3,4,7,9, 
3 , 4 , 7 , 
9 , 1 0 , 1 1 
1 - 1 3 
1 4 , 1 5 
2 - 1 5 
: ' — 
2 - 1 3 , 4 , 6 
15 
15 
2 , 4 , 7 - 1 5 2 - 5 , 7 - 1 5 
2 / 2 2 / 7 2 2 / 2 8 / 7 2 
3 < 5 / 7 2 3 / 1 3 / 7 2 3 / 2 0 / 7 2 3 / 2 8 / 7 2 4 / 3 / 7 2 4 / 1 0 / 7 2 4 / 1 7 / 7 2 <-/24/72 5 / 1 / 7 2 5 / 8 / 7 2 
1 - 1 5 
14 
1 - 1 5 
: - i 3 1 - 1 5 1-15 1-15 
4 1 , 1 1 , 1 4 
1 , 2 , 4 - 1 5 1 - 3 , 6 , 9 , 1 - 1 0 , 1 2 , 
1 1 - 1 3 , 1 5 14,16 
1 - 4 , 7 , 8 , 3 , 4 , 8 , 9 , 1 - 1 5 
12-14 1 2 , 1 3 , 1 5 
1 , 2 , 4 - 7 , 9 , 1 , 6 , 7 , 9 - 1 
10,12,13,15 15 
3 - 1 2 , 1 4 3 
t 3 
1 - 3 
1 - 4 
1 - 7 , 9 , 
10 
1 - 3 , 1 1 
1-5 1,2 1 - 3 
4 , 7 - 1 5 6 , 9 , 1 1 , 1 2 
2 - 4 2 , 5 4 , 6 , 7 , 9 , 3 , 4 , 6 , 8 , 9 , 5 - 1 2 , 1 4 , 
1 0 , 1 3 1 1 , 1 2 , 1 6 15 
8,9 
4 , 5 , 7 
13 
1 , 2 , 5 , 8 2 , 3 
5 / 2 2 / 7 2 5 / 3 0 / 7 2 6 / 5 / 7 2 
5 / 1 5 / 7 2 6 / 1 9 / 7 2 6 / 2 6 / 7 2 7 / 3 / 7 2 7 / 1 0 / 7 2 7 / 1 7 / 7 2 7 / 2 4 / 7 2 ?-'31/72 3 / 7 / 7 2 
1 , 2 . 4 , 5 , 1-15 ^ 
1 IT IT 1 - 1 5 1 - 9 , 1 1 . 1 - 3 , 5 , 7 , - 1 - 1 5 1 - 1 5 1 - 1 5 1*15 1 - 1 5 
t - 1 1 , 1 3 , 1 , 4 - 7 , 9 - 15 15 
15 13 
2,3 . 1 - 6 , 9 - 1 1 , ' 
- ; * 14 4 - , 
2 2 , 5 , 8 3,6 1 1 id 
2,8 1 , 2 , 4 , 8 , 2,11 T-
12 
3 , 8 , 9 , 
12 
1 - 8 , 1 0 , 1,8,11 
12 ,16 
3 , 1 0 
1 - 3 , 5 , 7 , 
8 , 1 0 - 1 5 








1 - 1 5 
1-12 
1 , 3 - 8 , 1 1 , 
13,15 
1 , 2 , 5 , 6 , 
10 
1 , 5 , 7 , 1 0 2,3,11 
5 , 8 , 1 0 
2 , 5 , 6 , 1 0 , 
1 2 , 1 3 , 1 4 
8 , 1 4 
2 
1,2 ,10 
1 , 3 , 4 , 8 
11,12,1 3 < 
14,15 
1 ,6 





8 / 1 4 / 7 2 8 / 2 1 / 7 2 8 / 2 8 / 7 2 9 / 5 / 7 2 9 / 1 1 / 7 2 9 / 1 3 / 7 2 9 / 2 5 / 7 2 1 0 / 2 / 7 2 1 0 / 1 0 / 7 2 1 0 / 1 6 / 7 2 1 0 / 2 4 / 7 2 1 1 / 6 / 7 2 
1 1 , 1 3 4 1 - 4 , 1 0 1,8,5,11 
1 - 1 5 1 - 1 5 1 - 1 5 1 - 1 5 1 - 1 4 i - i 5 1 - 1 5 _ 1 - 1 5 i - i s 1 - 1 5 1 - 1 4 1 - 1 5 
/-A5- / - / y 
/ - / y / - / y / - / y / - / y / - X T 
8 
11 4 , 5 , 6 
1 - 3 , 1 0 
1,11 
2,8 
1 , 5 , 8 2 , 4 , 1 1 , 1 , 1 2 , 1 3 , 6 1,5,8 
14 14 
1 , 2 , 8 , 1 5 1 , 2 , 7 , 8 , 1 , 5 , 7 , 1 1 , 2 , 7 , 8 , 1 0 2 , 8 , 1 2 
14 12 
5 6 6 9 4 
5,6 
1,2,9 1 




- s t a r i o n e ! l a 
C h r y s a n o a b a 
C o c c o n a i s 
C y c l o t a l l a 
C y m b e l l a 
O a n t i c u l a 
D i a t o " a 
E p i t h e m i a 
F r a g i l l a r i a 
G o n o p h o n a m a 
G y r o s i g ^ a 
M a l o s i r a 
N a v i c u l a 
n i t z s c h i a 
P l a u r o s i g m a 
R h c i c o s p h a n i a 
R h o p a l o d i a 
S y n a d r a 
S u r i r a l l a 
S t e p h a n o d i s c u s 
C t h a r 
^Dtry c o c c u s 
3 i n c b r y o n 
M a l l o m n a s 
'.hizochrysis 
1 2 / 1 7 / 7 1 1 / 2 6 / 7 1 1 / 3 / 7 2 1 / 1 0 / 7 2 1 / 1 7 / 7 2 1 / 2 4 / 7 2 1 / 3 1 / 7 2 2 / 7 / 7 2 2 / 1 4 / 7 2 
2 , 7 
6 6 , 1 0 4 6 , 7 
-
1 6 
2 - 1 1 , 1 3 - 2-15 1 - 9 , 1 2 , 1 - 1 5 , 1 6 1-16 1-15 1 - 4 , 6 - 1 6 1-15 1 - 7 , 9 - 1 3 , 
15 16 1 5 , 1 6 
3 , 4 , 7 , 9 , 2 , 3 , 4 , 7 , 1 - 8 , 1 2 , 2 , 3 , 7 , 9 - 1 - 3 , 5 - 7 , 1 - 1 4 , 1 6 1 , 2 , 4 , 5 , 6 , 1 - 9 , 1 2 , 1 3 1 - 1 1 , 1 3 , 
11 10 16 1 2 , 1 6 1 0 - 1 4 , 1 6 8 , 1 0 - 1 3 , 1 5 14 
16 . 
1 , 5 , 9 1 ,6 
7 , 1 6 5 , 1 6 1 , 1 6 16 
2 - 4 , 6 3 , 4 , 1 0 , 1 , 2 , 4 , 6 , 1 - 1 5 , 1 6 1 , 3 , 4 , 5 , 7 - 1 1 1 - 3 , 5 , 7 , 8 , 1 , 3 - 8 , 1 1 , 1 , 8 , 1 4 , 1 , 7 , 8 , 1 2 , 
1 1 , 1 2 8 , 9 , 1 6 1 5 , 1 6 1 1 - 1 3 , 1 6 13-16 1 5 , 1 6 14-16 
4 1 , 2 , 4 , 7 , 1 1 , 1 , 3 , 6 , 9 , 1 0 , 1 - 6 , 8 - 1 0 , 1 - 4 , 7 , 9 , 1 , 5 , 1 4 , 7 , 1 1 , 1 6 
13-16 1 2 , 1 4 , 1 6 1 2 - 1 4 , 1 6 1 0 , 1 2 - 1 6 1 5 , 1 6 
9 , 1 0 3 , 8 3 , 1 6 14 
8 1 1 , 5 , 7 1 , 2 , 4 , 8 1 1 
2 , 5 , 6 , 7 , 2 - 7 , 1 0 - 1 4 1 - 4 , 8 , 9 , 1 - 1 4 , 1 6 1-16 2-16 1 - 9 , 1 1 ^ 1 - 1 4 , 1 6 4 - 7 , 9 - 1 6 
8 , 1 1 , 1 3 - 1 5 1 2 , 1 6 16 
16 1 , 1 6 4 , 5 , 1 6 1 , 1 3 , 1 6 16 
1 1 , 1 4 1 5 5 , 1 6 5 , 1 2 
4 , 5 , 9 , 
1 2 , 1 6 
16 16 16 5 , 1 1 1 , 1 6 16 
2 - 1 1 , 1 4 , 2 , 3 , 4 , 6 , 7 , 1 - 9 , 1 2 , 1 6 1-15 1-15 ^ , 2 , 3 , 5 , 1 , 2 , 3 , 1 - 3 , 6 - 1 0 , 1 , 3 , 5 - 1 0 , 
15 8 , 1 0 - 6 5-16 12-16 1 2 - 1 4 , 1 6 
11 2 , 3 4 , 1 6 
16 3 , 5 
2 - 1 1 , 1 3 - 2-15 1 - 9 , 1 2 1-15 1-15 
15 t-15 1-15 1-15 1-15 
2 , 3 , 5 , 6 , 2 , 4 
7 , 9 , 1 1 
1 , 9 , 1 2 2 , 1 0 , 1 1 
2 / 2 2 / 7 2 2 / 2 8 / 7 2 3 / 6 / 7 2 1 / 1 3 / 7 2 3 / 2 0 / 7 2 3 / 2 8 / 7 2 4 / 3 / 7 2 4 / 1 0 / 7 2 4 / 1 7 / 7 2 4 / 2 4 / 7 2 5 / 1 / 7 2 5 / 8 / 7 2 5 / 1 5 / 7 2 
1-16 
11 11 2 - 5 , 7 , 9 , 1-16 2-16 ^-15 
1 1 , 1 4 
1 3 11 8 i a ii 2 - 4 , 8 1 , 2 , 6 , 8 
'< H 1 , 8 , 1 3 , 1 3 , 1 6 
16 
1 , 2 , 5 - 7 , 1 - 9 , 1 5 , 1 5 i ? 3 6 1 A-in 11 ?-q n 14 i n c ? n i ? r 7 9 T E 7 /t in 1 * 5 , 7 , 1 3 , 1 - 3 , 5 - 1 0 , 1 - 6 , 8 - 1 2 , 
o ip ! , < d , 6 , 7 , 2 , 3 , 5 , 7 - 1 , 2 , 4 , 1 0 14 ig i ? 1A-16 id i s 
1 n i 5 ' ^ - l c 9 , 1 6 1 4 , 1 6 16 1 0 , 1 6 1 2 , 1 6 9 , 1 1 , 1 4 , 3 1 1 , 1 - 1 6 ^ 4 9 0 4 6 9 ? 1? 14 
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N u t r i e n t E n r i c h m e n t 
Tables 31 and 32 s u m m a r i z e results of n u t r i e n t e n r i c h -
ment t e s t s . For each date i n d i c a t e d each e l e m e n t was a s s i g n e d 
a n u m b e r from one to e i g h t , d e p e n d i n g on their r e l a t i v e stimu-
lation of g r o w t h . One i n d i c a t e s m a x i m u m s t i m u l a t i o n and e i g h t 
m i n i m u m s t i m u l a t i o n of growth during a p a r t i c u l a r test p e r i o d . 
The numbers t o t a l e d for the e n t i r e y e a r r e p r e s e n t a r e l a t i v e 
index of the i m p o r t a n c e of each e l e m e n t in l i m i t i n g algal 
growth at the head of Las Vegas B a y . Lower numbers i n d i c a t e 
r e l a t i v e l y g r e a t e r l i m i t a t i o n s on algal growth w h i l e h i g h e r 
numbers s u g g e s t that the e l e m e n t is p r e s e n t in s u f f i c i e n t 
q u a n t i t i e s that it is not i m p o s i n g l i m i t a t i o n s to growth of 
the o r g a n i s m s in the f l a s k s . 
The s u m m a r y i n d i c a t e s that algal growth in w a t e r from 
both s u r f a c e and b o t t o m at Station 1 is most s e v e r e l y limited 
by n i t r a t e , m i n o r e l e m e n t s and p h o s p h o r u s , and that other 
n u t r i e n t s are v a r i a b l e but in general p r o b a b l y are plentiful 
enough to s u p p o r t growth of more algae than p r e s e n t l y grows 
in Las Vegas Bay t h r o u g h o u t the y e a r . It is i n t e r e s t i n g to 
note that p h o s p h a t e varies from i m p o s i n g the m o s t severe 
l i m i t a t i o n on growth in m i d - M a r c h to i m p o s i n g the least severe 
l i m i t a t i o n in early F e b r u a r y and again in early M a r c h . In gen-
e r a l , p h o s p h a t e ranks b e h i n d n i t r a t e and P r o v a s o l i ' s 8 m i n o r 
e l e m e n t s as i m p o r t a n t in i m p o s i n g l i m i t a t i o n s on algal growth 
in the inner portion of Las Vegas B a y . The e s s e n t i a l n u t r i e n t s 
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Table 31. R e l a t i v e e f f e c t i v e n e s s of the i n d i c a t e d e l e m e n t 
in s t i m u l a t i n g algal g r o w t h . The n u m b e r s indi-
cate the most (1) to the least (8) l i m i t i n g 
e l e m e n t in s u r f a c e w a t e r s of Station 1 on the 
dates g i v e n . 
Date NO3 SO^ Ca K Mg Fe M i n o r Elements 
Jan 17 1 5 6 4 8 6 3 2 
Feb 7 3 8 2 5 1 7 6 3 
Feb 22 1 4 7 3 5 2 8 5 
Mar 6 2 8 7 6 5 4 3 1 
Mar 20 2 1 4 7 6 3 7 4 
Apr 3 3 4 7 2 8 5 6 1 
Apr 17 1 4 6 3 4 6 8 2 
May 1 1 3 2 7 3 8 3 3 
May 15 1 2 4 8 4 4 4 3 
May 30 1 4 7 6 7 2 4 3 
Jun 14 1 6 6 4 6 3 4 2 
Jul 5 6 3 3 6 8 3 2 
Jul 17 1 3 4 8 5 7 5 2 
Jul 31 1 2 7 6 8 5 4 3 
Aug 14 1 7 7 3 5 5 4 2 
Aug 28 1 5 7 6 2 4 4 2 
Sep 11 1 6 6 3 5 3 8 2 
Sep 25 1 2 2 2 2 2 2 2 
Oct 10 1 3 8 6 2 4 6 5 
Oct 24 1 5 3 4 2 8 5 5 
Total 26 88 105 96 94 96 97 54 
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Table 32. R e l a t i v e e f f e c t i v e n e s s of the i n d i c a t e d e l e m e n t 
in s t i m u l a t i n g algal g r o w t h . The n u m b e r s indi-
cate the m o s t (1) to the least (8) limiting e l e m e n t 
in b o t t o m w a t e r s of Station 1 on the dates g i v e n . 
Date NO3 P O . S O , Ca K Mg Fe M i n o r Elements 
Apr 15 1 4 6 3 4 6 8 2 
May 1 1 3 3 2 8 3 3 3 
May 15 1 2 2 2 2 2 2 2 
May 30 1 4 6 3 7 5 8 2 
Jul 5 2 1 8 7 6 3 4 5 
Jul 19 1 2 8 5 5 5 4 3 
Jul 31 1 2 7 6 7 4 5 3 
Aug 1 4 1 8 3 3 7 6 3 2 
Total 9 26 43 31 46 34 37 22 
( 
c u r r e n t l y i m p o s i n g l i m i t a t i o n s to growth of algae in Las 
Vegas Bay of Lake Mead are n i t r a t e and P r o v a s o l i ' s 8 m i n o r 
e l e m e n t s . A d d i t i o n of these e l e m e n t s to waters of the bay 
w o u l d d o u b t l e s s r e s u l t in i n c r e a s e d algal p r o d u c t i o n . Addi-
tion of p h o s p h o r o u s w o u l d have a v a r i a b l e e f f e c t d e p e n d i n g 
on time of y e a r and n u t r i e n t b a l a n c e of the w a t e r s . A d d i t i o n 
of s u l f a t e , c a l c i u m , p o t a s s i u m , m a g n e s i u m or iron w o u l d gen-
e r a l l y have minimal e f f e c t on algal p r o d u c t i o n . The c o n c l u s i o n 
by EPA (1971) that Las Vegas Bay is p h o s p h o r u s - l i m i t e d may 
still remain valid e x c e p t in the head of Las Vegas Bay w h e r e 
the high p h o s p h o r u s input a p p a r e n t l y permits algal growth to 
proceed to the point of n i t r o g e n l i m i t a t i o n . 
P i g m e n t A n a l y s i s 
P i g m e n t c o n c e n t r a t i o n s of c h l o r o p h y l l s A , B , C , astacin 
and n o n - a s t a c i n c a r o t e n o i d s w e r e m e a s u r e d using acetone e x t r a c -
tion of samples f i l t e r e d with a m i l l i p o r e f i l t e r . Estimates 
of p i g m e n t c o n c e n t r a t i o n s a t t r i b u t a b l e to diatoms and to com-
bined green and b l u e - g r e e n algae w e r e made using f o r m u l a e 
p r e s e n t e d by Parsons and S t r i c k l a n d (1968) and d e v e l o p e d into 
a c o m p u t e r p r o g r a m which Donna P o r t z , A r i z o n a State U n i v e r s i t y , 
kindly made a v a i l a b l e to u s . Data on p i g m e n t c o n c e n t r a t i o n s 
are p r e s e n t e d in the a p p e n d i x and s u m m a r i z e d in Figure 45 
w h e r e mean p i g m e n t c o n c e n t r a t i o n s from s t a t i o n s in i n n e r , 
m i d d l e and outer b a y s , r e s p e c t i v e l y , are p r e s e n t e d . 
of Las Vegas B a y , Lake M e a d . 
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A n a l y s i s of p h o t o s y n t h e t i c p i g m e n t s p r o v i d e s a m e a s u r e 
of the p r o d u c e r s t a n d i n g crop t h e r e b y r e f l e c t i n g the q u a n t i t y 
of m a t e r i a l p r e s e n t that is r e s p o n s i b l e for p r o d u c t i v i t y . 
P h a e o p h y t i n causes u n r e l i a b i l i t y of data during periods 
of r e l a t i v e l y e x t e n s i v e p h y t o p l a n k t o n m o r t a l i t y . D u r i n g 
periods when r e l a t i v e l y few dead algae o c c u r in the w a t e r , 
i n t e r f e r i n g p h a e o p h y t i n is m i n i m a l and the c h l o r o p h y l l e s t i m a t e s 
are quite useful m e a s u r e s of s t a n d i n g c r o p . We began m e a s u r e -
ments of c h l o r o p h y l l s and c a r o t e n o i d s on 14 F e b r u a r y . 
In general c h l o r o p h y l l a n a l y s i s (Fig. 45) shows h i g h e s t 
b i o m a s s of algae o c c u r r i n g at the head of Las Vegas Bay d u r i n g 
A p r i l , r e l a t i v e l y v a r i a b l e q u a n t i t i e s through the s u m m e r and 
a s e c o n d a r y m a x i m u m in O c t o b e r . H i g h e s t algal b i o m a s s in the 
m i d d l e and o u t e r bay o c c u r r e d in May and again in O c t o b e r . 
F l u c t u a t i o n s in b i o m a s s are much more p r o n o u n c e d in the inner 
bay than in o t h e r parts of Las Vegas B a y . 
P h o s p h o r u s 
P h o s p h o r u s c y c l i n g in Lake Mead has been of c o n s i d e r a b l e 
c o n c e r n by a v a r i e t y of a g e n c i e s . While this study was not 
p r i m a r i l y d i r e c t e d toward e l u c i d a t i o n of p h o s p h o r u s c y c l i n g , 
we have d e v e l o p e d some s u g g e s t i o n s that may be useful in con-
s i d e r a t i o n of the p r o b l e m . Table 33 presents data on s u r f a c e 
c o n c e n t r a t i o n s of total p h o s p h o r u s for the c e n t e r channel sta-
tions in Las Vegas B a y . Data for o t h e r s t a t i o n s are a v a i l a b l e 
T a b l e 3 3 . 
T o t a l P h o s p h o r o u s ( m g / 1 ) f o r C h a n n e l S t a t i o n s 
S t a t i o n s 
B a t e 16 1 2 3 4 8 11 14 
M a y 1 4 . 7 6 .026 .016 .016 .023 .015 .014 .025 
8 6 . 0 3 .102 .050 .027 .016 .015 .016 .016 
15 4 . 2 4 .007 .007 .003 .007 .002 .002 .000 
22 3 . 4 7 .007 .007 .003 .003 .003 .003 .003 
30 4 . 6 0 .018 .016 .007 .007 .007 .003 .005 
J u n e 5 5 . 5 4 .046 .023 .007 .000 .003 .005 .003 
15 4 . 6 6 .028 .016 .010 .007 .007 .013 .013 
19 4 . 0 4 .039 .012 .011 .007 .007 .005 .005 
26 2 . 9 3 .046 .026 .003 .003 .003 .003 .003 
J u l y 3 5 . 8 7 .024 .020 .011 .007 .006 .007 .007 
10 5 . 8 7 .012 .020 .013 .013 .012 .024 .012 
17 3 . 0 2 .035 .035 .022 .020 .018 .020 .016 
24 3 . 8 8 .042 .023 .011 .014 .007 .007 .007 
Aug 1 - - ... - - - ... -
7 - .007 .007 .007 .006 .006 .007 .007 
14 3 . 8 5 .060 .037 .015 .007 .007 .007 .007 
22 - .053 .046 .028 .011 .016 .012 . 0 1 8 
27 - - - - - - -
S e p t 4 4 . 1 2 .045 . 0 4 8 .024 .019 .024 .013 .012 
11 3 . 4 8 .081 .042 .029 .020 .020 .017 .017 
18 3 , 2 8 - .0/4 .029 .017 .014 .014 .011 
25 2 . 8 5 .049 .041 .024 .019 .021 .014 .014 
O c t 2 3 . 7 2 .093 .043 .032 .0)6 .016 .016 .015 
10 3 . 6 9 .117 .0/6 .029 . 0 1 8 .014 .010 .008 
16 5 . 0 7 .152 .045 .032 .018 .015 .011 .012 
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in the a p p e n d i x and i n c l u d e some i n f o r m a t i o n on c o n c e n t r a t i o n s 
at o t h e r d e p t h s . In general c o n c e n t r a t i o n s are h i g h e r at the 
thermocline and n e a r the b o t t o m than they are at the s u r f a c e of 
the l a k e . A l s o , c o n c e n t r a t i o n s d e c r e a s e from the head to a b o u t 
Station 4 at both s u r f a c e and b o t t o m . O u t w a r d from Station 4 
c o n c e n t r a t i o n s c h a n g e r e l a t i v e l y little and do not follow a 
c o n s i s t e n t p a t t e r n . The d i l u t i o n r e f e r r e d to p r e v i o u s l y is 
a p p a r e n t and is e x t r e m e l y m a r k e d from North Shore road (Sta-
tion 16) to Station 1. It can be s e e n , a l t h o u g h c e r t a i n l y 
less e v i d e n t and less c o n s i s t e n t from Station 1 through S t a t i o n 
4 . 
M a r s h a l l and Orr ( 1 9 6 1 ) , R i g l e r ( 1 9 6 1 ) , and P o m e r o y (1963) 
have shown that z o o p l a n k t o n are i m p o r t a n t in r e g e n e r a t i o n of 
p h o s p h o r u s above the t h e r m o c l i n e in the o c e a n . R i g l e r (1956) 
on the o t h e r hand showed that b a c t e r i a w e r e much more i m p o r t a n t 
to c y c l i n g of p h o s p h o r u s in f r e s h w a t e r h a b i t a t s than w e r e zoo-
p l a n k t o n . K u e n z l e r (1961) and Greer (1971) have shown m o l l u s c s 
to be very e f f e c t i v e in r e m o v i n g or r e c y c l i n g p h o s p h o r u s in a 
very s h o r t period of t i m e . Increases in p h o s p h o r u s c o n t e n t 
of the w a t e r have been p r e v i o u s l y noted by us to be a s s o c i a t e d 
with the t h e r m o c l i n e and r e l a t i v e l y h i g h e r b a c t e r i a l and fish 
p o p u l a t i o n s at that level in the l a k e . A l s o , work on n u t r i e n t 
e n r i c h m e n t has s u g g e s t e d that enough p h o s p h o r u s is p r e s e n t in 
the lake w a t e r at the head of Las Vegas Bay to s u p p o r t more 
algal growth than occurs p r e s e n t l y and at that location n i t r o g e n 
and m i n o r e l e m e n t s are p r o b a b l y the m o s t i m p o r t a n t l i m i t i n g 
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n u t r i e n t s . E l s e w h e r e in the lake p h o s p h o r u s may be l i m i t i n g . 
T e n t a t i v e s u g g e s t i o n s r e l a t i v e to p h o s p h o r u s , t h e r e f o r e , 
are as f o l l o w s : 
1. The q u a n t i t i e s e n t e r i n g Lake Mead from Las Vegas Wash 
s t i m u l a t e algal growth in the head of Las Vegas B a y . 
2 . P h o s p h o r u s is r a p i d l y s t r i p p e d from e n t e r i n g w a t e r s 
by h y d r o x y l - a p a t i t e f o r m a t i o n , uptake by a l g a e , f i l t r a t i o n by 
c l a m s , and d i l u t i o n by the large volume of the l a k e . This is 
e s p e c i a l l y true d u r i n g the period of no thermal s t r a t i f i c a t i o n . 
3. A m a j o r portion of the n u t r i e n t s a v a i l a b l e to algae 
in Lake M e a d , i n c l u d i n g Las Vegas B a y , are p r o d u c e d &r c y c l e d ) 
by the living o r g a n i s m s p r e s e n t in the l a k e . Shad in p a r t i c u l a r 
seem to be I m p o r t a n t in this regard and u t i l i z e d e t r i t u s as an 
i m p o r t a n t food s o u r c e . 
4 . If flow from Las Vegas Wash is cut o f f , algal p o p u l a -
tions in the inner bay area of Las Vegas Bay can be e x p e c t e d 
to d e c l i n e r a p i d l y to a level that may a p p r o x i m a t e those in 
the o u t e r b a y . Algal p o p u l a t i o n s e l s e w h e r e in the lake will 
likely respond more s l o w l y and less d r a m a t i c a l l y . 
5. N u t r i e n t r e g e n e r a t i o n from the b o t t o m s e d i m e n t s is 
a p p a r e n t l y m i n i m a l now and can be e x p e c t e d to remain so w h e t h e r 
or not flow from the wash is i n t e r r u p t e d . 
Oxygen D e p l e t i o n 
Oxygen c o n c e n t r a t i o n s in the w a t e r s of Lake Mead have 
been r e f e r r e d to i n f r e q u e n t l y in the l i t e r a t u r e . M o f f e t t 
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( 1 9 4 3 ) m e n t i o n e d that s u f f i c i e n t oxygen o c c u r r e d at all 
depths t h r o u g h o u t the y e a r to p e r m i t c o m p l e t e u t i l i z a t i o n of 
the r e s e r v o i r by f i s h Jonez and S u m m e r (1954) noted that after 
six w e e k s of thermal s t r a t i f i c a t i o n the r e s e r v o i r c o n t a i n e d in 
e x c e s s of 4 ppm of ^ in the h y p o l i m n i o n . H o f f m a n e t . a l . 
( 1 9 6 7 , 1 9 7 1 ) p o i n t e d out the e x i s t e n c e of a r e v e r s e h e t e r o -
grade oxygen p r o f i l e in Lake Mead and s u g g e s t e d that it may 
be r e l a t e d to d e c o m p o s i t i o n of o r g a n i c m a t e r i a l in the t h e r m o -
cline or to the e x i s t e n c e of a flat c o n t o u r in Virgin and 
B o u l d e r basins that may be c o n s i d e r e d s o m e w h a t s h e l f - l i k e . 
H o f f m a n e t . a l . (1967) r e f e r r e d to a c o m m e n t made by H u t c h i n s o n 
(1957) to the e f f e c t that the depth of an oxygen m i n i m u m may 
c o r r e s p o n d to a shelf in the b o t t o m c o n t o u r , but then s u g g e s t e d 
that more p r o b a b l y f a c t o r s a s s o c i a t e d with f i l l i n g Lake Powell 
led to a general d e g r a d a t i o n of w a t e r q u a l i t y in Lake M e a d . 
This d e g r a d a t i o n was o b s e r v e d in part as a d e c l i n e in q u a n t i t i e s 
of d i s s o l v e d o x y g e n . They also p o i n t e d out that p r o x i m a t e 
f a c t o r s c a u s i n g this oxygen d e p l e t i o n should be i d e n t i f i e d 
and m e a s u r e d . E v e r e t t (1972) m e n t i o n e d the e x i s t e n c e of the 
r e v e r s e h e t e r o g r a d e oxygen p r o f i l e and d i s c u s s e d oxygen rela-
tions in the lake from the v i e w p o i n t of h y p o l i m n e t i c oxygen 
d e p l e t i o n . His data a p p e a r to be limited to the upper 50 m . 
It is a p p a r e n t from T a b l e 34 that that fact is p r o b a b l y res-
p o n s i b l e for his c o n c l u s i o n t h a t h y p o l i m n e t i c oxygen levels in 
Lake Mead d u r i n g S e p t e m b e r are u n s u i t a b l e for cold w a t e r s p e c i e s 
and for his i m p l i e d a s s u m p t i o n that n u t r i e n t r e g e n e r a t i o n occurs 
from the b o t t o m m u d s . 
iable V e r t i c a l p r o f i l e s of d i s s o l v e d o x y g o n in ppm at v a r i o u s 
L o c a t i o n B l a c k S t a t i o n 14 Las V e g a s Bay O v e r t o n 
C a n y o n A r m n e a r 
E c h o Bay 
- a t s 23 Aug 72 23 Aug 72 25 S e p t 72 15 Oct 72 14 O c t 72 












5 5 5 . 3 
50 5.9 
55 6.2 










1.7 1 .8 
1.7 1.2 
2.5 1 .7 








5.9 5 . 2 
6.0 5.5 
6.1 5.7 
8.6 8 . 5 
8.4 8 . 3 
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p o i n t s in L a k e M e a d . 
G r e g g 
B a s i n 
14 O c t 72 Apr 64 
9.0 8.5 9.4 9.0 1 0 . 4 9.6 
8.4 8.9 8.5 8 . 7 10.2 
3.0 8.1 8.1 8.4 9 . 8 9.7 
5.1 6 . 8 5.9 8 . 3 8.7 9 . 4 
4.7 5.8 4.9 6.1 8.6 
4.7 5.7 4 . 4 6.6 8.3 
3.6 5.6 4.6 6.9 8.1 9.0 
3.6 5.3 4.7 4 . 3 8.0 
4.6 5.1 5.1 4.4 
5.7 5.6 5.1 8.5 
6.2 5^3 6.0 5.5 
6.5 7.1 6.5 5.9 
6 . 3 7.0 6.6 6 . 2 8.5 
7.0 7.2 6 . 8 6.5 
7.1 7.1 7.0 6.7 
7.1 7.1 7.1 6.7 
7.1 5 . 8 7.1 6 . 8 
7.1 6.7 7.1 6.6 
7.1 6 .5 7.1 6.6 
B o u l d e r V i r g i n B a s i n T e m p l e 
C a n y o n B a s i n 
31 A u g 72 31 Aug 72 14 S e p t 72 14 O c t 72 
B o u l d e r S a s i n Las Vegas Bay 
near Station 11 



























9 . 8 




7 . 8 
7.7 
7.3 3.2 
6 . 8 
3 . 8 
-
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Our s a m p l i n g in Las Vegas Bay and i n f r e q u e n t l y at other 
l o c a t i o n s in the Lake has y i e l d e d c o n s i d e r a b l e i n f o r m a t i o n on 
the e x i s t e n c e of the n e g a t i v e h e t e r o g r a d e oxygen p r o f i l e and 
its r e l a t i o n s h i p s with o t h e r e n v i r o n m e n t a l p a r a m e t e r s . F i g . 46 
s u m m a r i z e s oxygen m e a s u r e m e n t s taken at Station 14 from March 
to N o v e m b e r 1972 at depths of 0 , 30 and 90 m e t e r s . This 
c l e a r l y i n d i c a t e s that the r e v e r s e h e t e r o g r a d e oxygen p r o f i l e 
b e g i n s to d e v e l o p in M a y , b e c o m e s m o s t p r o n o u n c e d in July 
through O c t o b e r and is e l i m i n a t e d s u d d e n l y with d i s a p p e a r a n c e 
of the t h e r m o c l i n e in early N o v e m b e r . Data from o t h e r s t a t i o n s 
in Las Vegas Bay follow this same pattern (see a p p e n d i x ) . 
S a m p l i n g at o t h e r l o c a l i t i e s in Lake Mead d u r i n g A u g u s t , 
S e p t e m b e r , and O c t o b e r reveal that oxygen d e p l e t i o n in the 
m e t a l i m n i o n occurs t h r o u g h o u t most areas of the Lake but 
d i f f e r s in s e v e r i t y . Table 34 presents i l l u s t r a t i v e data on 
vertical d i s t r i b u t i o n of oxygen in various areas of the Lake 
during 1972 as well as c o m p a r a b l e data a v a i l a b l e from e a r l i e r 
s t u d i e s . In general Las Vegas Bay and B o u l d e r Basin have the 
most p r o n o u n c e d m e t a l i m n e t i c oxygen d e p l e t i o n . The zone of 
d e p l e t i o n , h o w e v e r , is b r o a d e r in Las Vegas Bay than in 
B o u l d e r B a s i n . Overton Arm shows a broad zone of d e p l e t i o n 
s i m i l a r to Las Vegas Bay but does not a p p e a r to reach quite 
as s e v e r e m i n i m a . Black Canyon shows a n a r r o w e r zone of 
d e p l e t i o n , s i m i l a r t o , but more s e v e r e than m e a s u r e d in 
B o u l d e r C a n y o n , Virgin Basin and T e m p l e B a s i n . Gregg Basin 
did not show a n e g a t i v e h e t e r o g r a d e oxygen p r o f i l e when mea-
sured on 14 O c t o b e r 1 9 7 2 . 
<< * 
t S ! ' ' ) ! ! ) 1 ! 1 ) 1 ! ) ) ! ] ] 1 ) ) ) ) 1 1 r 
3 24 8 22 5 19 3 24 14 % 18 2 16 6 
April May June July A u g u s t S e p t . O c t . 
F i g . 46.02 c o n c . (ppm) at s u r f a c e , 30 m and 90 m , 
at S t a t i o n 1 4 , Las V e g a s B a y , Lake M e a d , 
1 9 7 2 . 
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Data d e v e l o p e d by Hoffman e t . a l . (1967) and Hoffman e t . 
al. (1971) and p r e s e n t e d in part in Table 34 show that the 
n e g a t i v e h e t e r o g r a d e oxygen p r o f i l e was p r e s e n t in 1 9 6 5 , 1 9 6 6 , 
and 1 9 6 8 . F u r t h e r m o r e , the m o s t s e v e r e d e p l e t i o n r e c o r d e d 
at s t a t i o n s that are c o m p a r a b l e to ours o c c u r r e d in 1965 and 
1 9 6 6 . We did record m i n i m a of 0.0 ppm O2 o c c a s i o n a l l y at 
the b o t t o m at Stations 3 and 5 in A u g u s t and S e p t e m b e r . Min-
ima of less than 1.0 ppm D . O . w e r e not u n c o m m o n t h r o u g h o u t 
Las Vegas Bay d u r i n g the period J u l y - - N o v e m b e r at depths of 
2 0 - 4 0 m . H o w e v e r , data at c o m p a r a b l e times of y e a r from our 
s t a t i o n s e s t a b l i s h e d near s t a t i o n s reported on by Hoffman 
e t . a l . (1967 and 1 9 7 1 ) do not reach m i n i m a r e p o r t e d by t h e m . 
For e x a m p l e , H o f f m a n ' s l o w e s t r e p o r t e d D . O . m e a s u r e m e n t from 
near Station 8 was 0.02 and 0.05 ppm in N o v e m b e r 1965 and 
N o v e m b e r 1966 r e s p e c t i v e l y . Our m i n i m u m D . O . m e a s u r e m e n t 
at Station 8 was 0.5 ppm during O c t o b e r 1972 (Table 34 and 
a p p e n d i x ) . 
A l t h o u g h e a r l i e r data are s o m e w h a t s k e t c h y , it appears 
that m e t a l i m n e t i c oxygen d e p l e t i o n may have first d e v e l o p e d 
in Lake Mead in 1965 and may have been as s e v e r e then as 
at any s u b s e q u e n t t i m e . A d d i t i o n a l e x a m i n a t i o n of h i s t o r i c a l 
data may y i e l d more i n f o r m a t i o n r e g a r d i n g this p r o b l e m . 
R e l a t i o n s h i p s between the r e v e r s e h e t e r o g r a d e oxygen 
p r o f i l e and other p a r a m e t e r s in Lake Mead have been e x a m i n e d . 
A t h e r m o c l i n e may or may not be p r e s e n t in the lake as clas-
s i c a l l y d e f i n e d . H o w e v e r , the region of most rapid t e m p e r a -
ture d e c l i n e ( m e t a l i m n i o n ) , when it exists in Las Vegas B a y , 
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i n v a r i a b l y has a zone of oxygen d e p l e t i o n a s s o c i a t e d with it. 
Fig. 47 p r e s e n t s r e p r e s e n t a t i v e data from Station 14. C o m p l e t e 
data from all s t a t i o n s are p r e s e n t e d in the a p p e n d i x . The 
pattern shown in F i g . 47 g e n e r a l l y holds for other s t a t i o n s 
that are s u f f i c i e n t l y d e e p . The reduced t e m p e r a t u r e s per s e , 
of c o u r s e , do not cause o x y g e n d e p l e t i o n but p r o b a b l y p r o d u c e 
d e n s i t y d i f f e r e n c e s w h i c h slows the s i n k i n g rate of sus-
pended p a r t i c u l a t e o r g a n i c m a t t e r from a b o v e . The r e s u l t is 
p r o b a b l y accumulation of debris in the metal imni o n . 
We r e a s o n e d t h a t if a c c u m u l a t i o n of debris was o c c u r r i n g 
in the m e t a l i m n i o n , it was p o s s i b l e that b a c t e r i a l action in 
b r e a k i n g down the o r g a n i c m a t t e r was the cause of oxygen 
d e p l e t i o n . A c c o r d i n g l y , on 10 and 24 July and 22 A u g u s t we 
c o l l e c t e d w a t e r s a m p l e s in a vertical p r o f i l e at S t a t i o n s 
4 and 14 for d e t e r m i n a t i o n of n u m b e r s and kinds of b a c t e r i a . 
On 10 and 24 July "total viable b a c t e r i a " w e r e c u l t u r e d on 
a m e d i u m s i m i l a r to that d e s c r i b e d by T a y l o r (1940) and c o n -
forms w e r e c u l t u r e d on a v i o l e t red bile agar s e l e c t i v e for 
lactose f e r m e n t i n g b a c t e r i a i n c l u d i n g E n t e r o b a c t e r , E s c h e r i -
chia coli and A e r o m o n a s . The samples on 22 A u g u s t for 
d e t e r m i n a t i o n of "total v i a b l e b a c t e r i a " were c u l t u r e d on 
t r y p t o n e - g l u c o s e - e x t r a c t a g a r . R e s u l t s of these d e t e r m i n a t i o n s 
are p r e s e n t e d in Tables 3 5 - 3 8 and s u m m a r i z e d in Fig. 4 8 . 
At Station 4 on 10 J u l y , m a x i m u m b a c t e r i a l counts 




F i g . 4 7 . T e m p e r a t u r e and oxygen p r o f i l e s at Station 1 4 , Las 
Vegas B a y , Lake M e a d , 1 9 7 2 . 
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Table 3 5 . Total V i a b l e B a c t e r i a and C o l i f o r m C o l o n i e s ( # / m l ) 
for Station 4 in Las Vegas Bay of Lake M e a d . 
July 1 0 , 1 9 7 2 . 
I n c u b a t i o n Time 
Depth in Total B a c t e r i a C o l i f o r m s 
m e t e r s 
2 days 10 days 
0 - - -
5 84 + 19 3700 + 300 0 
10 114 + 39 4200 + 300 6 + 4 
15 141 + 24 5900 + 300 33 + 1 
20 129 + 12 4500 + 330 35 + 1 
30 84 + 14 2300 + 610 18 + 2 
44 534 + 120 2500 + 530 50 + 0 
( 
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Table 3 6 . Total V i a b l e B a c t e r i a and C o l i f o r m s C o l o n i e s (#/ml) 
for Station 4 in Las Vegas Bay of Lake M e a d . 
July 2 4 , 1 9 7 2 . 
I n c u b a t i o n Time 
Depth in Total B a c t e r i a C o l i f o r m s 
m e t e r s 
2 days 10 days 
0 14 + 3 209 + 4 0 
5 78 + 5 480 + 16 2 + 5 
10 37 + 7 710 ±114 8 + 2 
15 34 + 8 450 i 62 15 + 4 
20 31 + 5 530 ± 22 2 + 1 
30 40 + 4 450 ± 36 2 + 1 
44 126 + 5 500 i 25 7 + 4 
( 
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Table 3 7 . Total V i a b l e B a c t e r i a (#/ml) in S a m p l e s from Las Vegas 
Wash and Las Vegas B a y , 22 A u g u s t 1 9 7 2 . 











0 11,400 920 96 13 29 5 14 3 
3 280 34 
5 - - 35 8 
10 40 4 44 4 
15 260 70 25 4 
20 470 64 30 4 
25 800 44 39 3 
30 290 37 80 9 
40 23 1 
44 220 12 
50 56 4 
60 35 2 
70 47 5 
80 10 3 
90 83 17 
*n-l = 4 
I n c u b a t i o n time - 10 days 
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T a b l e 3 8 . C o l i f o r m B a c t e r i a (#/ml) in S a m p l e s from Las Vegas 
Wash and Las Vegas B a y , 22 A u g u s t 1 9 7 2 . 











0 440 46 14 6 5 2 0 -
3 52 2 
5 - - 2 1 
10 10 5 4 2 
15 29 4 6 3 
20 48 5 7 2 
25 84 3 23 4 
30 44 4 29 3 
40 18 2 
44 83 7 
50 2 1 .1 
60 19 5 
70 29 3 
80 0 
-
90 45 3 
*n-l = 4 
I n c u b a t i o n time - 2 days 
( 
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10 J u l y 
24 J u l y 
22 A u g . 
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800 
F i g . 48.Total v i a b l e b a c t e r i a in a vertical p r o f i l e at 
S t a t i o n 4 , Las Vegas B a y , Lake M e a d , 1 0 , 24 July 
and 22 A u g . , 1 9 7 2 . 
( 
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from 1 0 - 1 5 m . On 24 J u l y , m a x i m u m b a c t e r i a l counts o c c u r r i n g 
at 10m and the b i g g e s t o x y g e n d e c r e a s e again o c c u r r e d from 
1 0 - 1 5 m . On 22 A u g u s t , m a x i m u m b a c t e r i a l counts w e r e at 25m 
and the b i g g e s t oxygen d e c r e a s e o c c u r r e d b e t w e e n 10-15 m . 
At S t a t i o n 14 on 22 A u g u s t m a x i m u m b a c t e r i a l counts o c c u r r e d 
at 30 and 90m w h i l e the g r e a t e s t d e c r e a s e in oxygen was 
b e t w e e n 10 and 1 5 m . Thus we see that b a c t e r i a l m a x i m a do 
not n e c e s s a r i l y c o r r e s p o n d to zones of maximal oxygen d e p l e -
t i o n . In a d d i t i o n w h i l e o x y g e n D r o f i l e s at m o s t s t a t i o n s 
t h r o u g h o u t Las Vegas Bay ( i n c l u d i n g S t a t i o n s 4 and 14) are 
quite s i m i l a r , b a c t e r i a l counts at the two s t a t i o n s are very 
d i f f e r e n t . 
In spite of the a p p a r e n t lack of a d i r e c t c a u s e - e f f e c t 
r e l a t i o n s h i p b e t w e e n oxygen d e p l e t i o n and b a c t e r i a l popu-
l a t i o n s , o n e is left with the i m p r e s s i o n of some g e n e r a l , 
p e r h a p s s e c o n d a r y r e l a t i o n s h i p b e t w e e n the two p h e n o m e n a . 
One a d d i t i o n a l p o i n t made f o r c e f u l l y by our data on 
b a c t e r i a l p o p u l a t i o n s is that very large n u m b e r s of b a c t e r i a , 
i n c l u d i n g c o l i f o r m s , a r e i n j e c t e d into Lake Mead daily from 
Las Vegas W a s h . If a flow rate for the wash of 10^ GPD is 
a s s u m e d , and this seems a r a t h e r c o n s e r v a t i v e e s t i m a t e , the 
n u m b e r of c o l i f o r m s d e l i v e r e d to the bay in 24 hours w o u l d 
i ? 
reach the i m p r e s s i v e total of 1.65 X 10 . T h e r e are of c o u r s e 
several i m p o r t a n t f a c t o r s i g n o r e d or o v e r s i m p l i f i e d by p r e s e n t -
ing s i m p l y a total n u m b e r . Among these are 1) o r i g i n , human 
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or o t h e r , 2) c o n t i n u i t y of n u m b e r s over a d a y , 3) b i o l o g i c a l 
and physical rates of d e c a y , 4) s e t t l i n g rate in r e l a t i v e l y 
s t a t i c w a t e r , and 5) actual flow r a t e . H o w e v e r , in view of 
the U S P H S s t a n d a r d for d r i n k i n g w a t e r of 2.2 c o l i f o r m s per 
100 ml w a t e r as a c c e p t a b l e , and ^ r e q u i r i n g i m m e d i a t e remedial 
a c t i o n , the d a t u m of 440 coll forms per ml f l o w i n g w a t e r i m p l i e s 
a p o s s i b l e p u b l i c health h a z a r d . 
The fact that n u m b e r s of b a c t e r i a are g r e a t l y reduced 
as one moves out the bay s u g g e s t s that the Las Vegas Wash may 
be a p r i m a r y s o u r c e of b a c t e r i a o c c u r r i n g in the l a k e . How-
e v e r , o t h e r s o u r c e s m u s t n o t be o v e r l o o k e d . A c o n s i d e r a b l y 
m o r e t h o r o u g h e x a m i n a t i o n of b a c t e r i a l p o p u l a t i o n e c o l o g y 
in Lake Mead is c l e a r l y i n d i c a t e d . 
A r e p o r t by FWPCA (1967) d i s c u s s e d b a c t e r i a , algae and 
n u t r i e n t c o n c e n t r a t i o n s in Las Vegas Wash and Lake M e a d . 
T h e i r s a m p l e s a p p e a r to have been taken e n t i r e l y from s u r f a c e 
w a t e r s . C o l i f o r m d e n s i t i e s at our S t a t i o n s 1 6 , 1 , 4 , and 9 
w e r e r e p o r t e d for May 1966 as means of 8 6 2 , 4 4 , 4 and 2 per 
100 ml r e s p e c t i v e l y . Our counts of w a t e r s a m p l e s c o l l e c t e d 
on 22 A u g u s t , 1972 from a b o u t the same l o c a l i t i e s w e r e 4 4 , 0 0 0 , 
1 4 0 0 , 500 and 0 per 100 ml r e s p e c t i v e l y . This s u g g e s t s that 
c o l i f o r m b a c t e r i a l p o p u l a t i o n s may have i n c r e a s e d since 1 9 6 6 . 
H o w e v e r , the fact t h a t we know a l m o s t n o t h i n g of temporal and 
spatial v a r i a b i l i t y of b a c t e r i a l p o p u l a t i o n s in Lake Mead pre-
vents us from d e v e l o p i n g very c o n v i n c i n g c o n c l u s i o n s r e g a r d i n g 
the p o i n t . It is p o s s i b l e to p o i n t o u t , h o w e v e r , that the 
1972 data d e f i n i t e l y i n d i c a t e that Las Vegas Wash at North 
Shore Road and the area of Las Vegas Bay near Station 1 e x c e e d 
the g e n e r a l l y a c c e p t e d s t a n d a r d of 1000/100 ml for c o l i f o r m 
d e n s i t i e s in w a t e r s u i t a b l e for w a t e r c o n t a c t s p o r t s . The 
d r i n k i n g w a t e r s t a n d a r d of 4/100 ml r e q u i r i n g I m m e d i a t e re-
medial action is of c o u r s e far e x c e e d e d out past Station 4 . 
Figures 49-51 s u m m a r i z e data on vertical d i s t r i b u t i o n of 
n u t r i e n t s at Station 4 on 10 July and 22 A u g u s t and Station 14 
on 22 A u g u s t . N i t r i t e and n i t r a t e n i t r o g e n i n c r e a s e s s h a r p l y 
from 10-15 m at Station 4 and from 10-20 m at Station 14. 
A m m o n i a shows a sharp i n c r e a s e at Station 14 at 20 m . Phos-
phorus at Station 4 also shows vertical v a r i a t i o n with peaks 
at 15 and 30 m on 10 July and at 10 and 25 m on 22 A u g u s t . 
At Station 14 p h o s p h o r u s peaks o c c u r at 1 0 , 20 and 60 m on 
22 A u g u s t . A l k a l i n i t y and pH r e s p e c t i v e l y show I n c r e a s e s 
and d e c r e a s e s below 10 meters that in general c o r r e s p o n d 
to vertical v a r i a t i o n s of o t h e r p a r a m e t e r s m e a s u r e d . 
Vertical d i s t r i b u t i o n of z o o p l a n k t o n was also e x a m i n e d 
on 22 A u g u s t at S t a t i o n s 4 and 1 4 . Samples w e r e taken with 
a C l a r k e - B u m p u s p l a n k t o n net at 10 m i n t e r v a l s to 50 m at 
S t a t i o n 14. F i g . 52 p r e s e n t s data as dry w t / m ^ at the vari-
ous s a m p l i n g l e v e l s . It is e v i d e n t that the m o s t dense zoo-
p l a n k t o n p o p u l a t i o n s o c c u r at 30 m at Station 14 w h e r e also 
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F i g . 5 2 . Vertical d i s t r i b u t i o n of net p l a n k t o n b i o m a s s 
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than at o t h e r l e v e l s . At Station 4 on the o t h e r h a n d , the 
i n c r e a s e d w e i g h t i n d i c a t e d at 25 m was l a r g e l y due to debris 
c o l l e c t e d in the p l a n k t o n net and fewer p l a n k t e r s w e r e iden-
t i f i e d at that level than in s h a l l o w e r c o l l e c t i o n s . 
It b e c a m e a p p a r e n t in e a r l y July that d i s t r i b u t i o n of 
shad as i n d i c a t e d by s o n a r t r a c i n g s c l o s e l y c o i n c i d e d with 
the zone of oxygen d e p l e t i o n . This r e l a t i o n s h i p was e x a m i n e d 
more c l o s e l y on 20-21 July and again on 2 2 - 2 3 A u g u s t at S t a t i o n 
4. Data for these periods are p r e s e n t e d in F i g s . 53 and 54 
and Table 3 9 . On 20-21 July there is an a p p a r e n t c o r r e l a t i o n 
b e t w e e n the d i s t r i b u t i o n of shad and the depth at which the 
g r e a t e s t C^ d e c r e a s e o c c u r s . D u r i n g the d a y l i g h t hours the 
shad are d i s p e r s e d m a i n l y from 10-20 m e t e r s . The d e c r e a s e in 
O2 at 1151 hours from 10-15 meters is 2.0 p p m , from 15-20 m e t e r s 
2.5 p p m , a total of 4.5 ppm from 10-20 m e t e r s . This we s u g g e s t 
is the typical d a y t i m e p a t t e r n . Note h o w e v e r , that in the 
a f t e r n o o n a g r e a t e r p e r c e n t a g e of the total d e p l e t i o n occurs 
from 10-15 m . 
A gradual upward m o v e m e n t of shad a p p a r e n t l y began a b o u t 
1500 h o u r s , but the p r o n o u n c e d change is seen at 2018 and 0350 
h o u r s . M o s t of the shad had moved up and w e r e located m a i n l y 
from 10-15 m e t e r s at 2018 and 0350 h o u r s . Note also that be-
tween the hours of 2018 and 0315 the o v e r w h e l m i n g p e r c e n t a g e 
of the oxygen d e p l e t i o n o c c u r r e d b e t w e e n 10-15 m y e t the total 
m a g n i t u d e of d e p l e t i o n o c c u r r e d b e t w e e n 10-20 m r e m a i n e d sur-
p r i s i n g l y c o n s t a n t t h r o u g h o u t the d a y . The pattern of oxygen 
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7 1 s t J u l y 19 72 Date 
090 7 0600 0 3 5 0 2 0 1 8 
F i g . 5 3 . E c h o g r a m of diurnal v a r i a t i o n s of fish dis-
t r i b u t i o n at Station 4 , July 2 0 - 2 1 , 1 9 7 2 . 
F i g . 5 4 . E c h o g r a m of diurnal v a r i a t i o n s of fish 
d i s t r i b u t i o n at Station 4 , A u g u s t 2 2 - 2 3 , 1 9 7 2 . 
Table 39. M a g n i t u d e of oxygen d e p l e t i o n (ppm) b e t w e e n I n d i c a t e d depths at Station 
4 , Las Vegas B a y , Lake M e a d , 1 9 7 2 . The n u m b e r s i n d i c a t e the m a g n i t u d e of 
oxygen d e c l i n e in p p m . For data on oxygen c o n c e n t r a t i o n s r e f e r to Table 34 
and the a p p e n d i x . 
Depth (m) Depth (m) 
Date Time 10-15 15-20 10-20 Date Time 5-10 10-15 15-20 5-20 
20 July 1151 2.0 2.5 4.5 23 A u g u s t 1120 3.1 4.2 0.3 7.6 
20 July 1500 3.2 1.7 4.9 23 A u g u s t 1820 3.2 4.5 0.3 8.0 
20 July 1805 3.5 1.5 5.0 22 A u g u s t 2300 0.9 6.7 0.6 8.2 
20 July 2 0 1 8 4.4 0.5 4.9 23 A u g u s t 0820 3.0 4.2 0.8 8.0 
20 July 2340 4.3 0.7 5.0 
21 July 0350 3.5 1.3 4.8 
21 July 0600 2.9 2.4 5.3 
21 July 0907 2.8 2.5 5.3 
d e p l e t i o n returned to the " d a y t i m e " c o n d i t i o n at 0600 h o u r s . 
On 22 A u g u s t the r e l a t i o n s h i p s w e r e s l i g h t l y d i f f e r e n t 
with the m a j o r shifts o c c u r r i n g at 5-15 m r a t h e r than at 
10-20 m . A g a i n , h o w e v e r , the " d a y t i m e " d i s t r i b u t i o n of oxygen 
d e p l e t i o n was r e l a t i v e l y e v e n l y spread over a 10 m e t e r inter-
v a l , a s i g n i f i c a n t s h i f t o c c u r r e d at n i g h t when m o s t fish and 
p e r h a p s also z o o p l a n k t o n b e c a m e d e n s e l y c o n c e n t r a t e d at 10-15 
m w h e r e the o v e r w h e l m i n g p e r c e n t a g e of oxygen d e c l i n e o c c u r r e d 
(Table 3 9 ) . 
The e c h o g r a m s for both 20-21 July and 2 2 - 2 3 A u g u s t 
s u g g e s t b e h a v i o r a l d i f f e r e n c e s b e t w e e n d a y l i g h t and d a r k n e s s 
f o r t h r e a d f i n s h a d . An i n v e r t e d V on the e c h o g r a m i n d i c a t e s 
a school of shad w h i l e single marks i n d i c a t e individual fish 
which may be any s p e c i e s . The e c h o g r a m s c l e a r l y i n d i c a t e 
that shad are s c h o o l i n g u s u a l l y d u r i n g d a y l i g h t . A p p a r e n t l y 
during d a r k n e s s the s c h o o l s break up and the fish b e c o m e 
h e a v i l y c o n c e n t r a t e d in a n a r r o w e r z o n e . Johnson (1969) 
I n d i c a t e d that this general pattern o c c u r r e d in the Salt 
R i v e r r e s e r v o i r s in A r i z o n a also and f u r t h e r that f e e d i n g 
a c t i v i t i e s i n c r e a s e d at n i g h t . If f e e d i n g by shad occurs in 
Lake Mead at n i g h t it is p o s s i b l e that m e t a b o l i c a c t i v i t y 
w o u l d also i n c r e a s e s o m e w h a t . This i n c r e a s e d m e t a b o l i c acti-
vity c o n c e n t r a t e them in the zone that our e c h o g r a m s show 
shad to be o c c u p y i n g at n i g h t . 
Somar e c h o g r a m s w e r e v e r i f i e d by fish t r a p p i n g to insure 
that the s o n a r r e f l e c t i o n s , b e l i e v e d to be s h a d , w e r e a c t u a l l y 
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shad and not some o t h e r o r g a n i s m . The fish traps w e r e s i m p l e 
funnel type traps e q u i p p e d with two 6 - v o l t lights and w e r e 
c o n s t r u c t e d from 1/4" mesh g a l v a n i z e d w i r e and w e r e s u s p e n d e d 
by a rope from a s a m p l i n g b u o y . The traps w e r e not s u c c e s s f u l 
when lights were not u s e d . The t r a p p i n g p e r i o d s w e r e kept 
as close to 12 hours as p o s s i b l e . 
The r e s u l t s of all t r a p p i n g periods are s u m m a r i z e d in 
Table 40. It should be noted that all shad c a p t u r e d w e r e y o u n g 
of the y e a r fish g e n e r a l l y r a n g i n g in size from 25-50 mm total 
l e n g t h . The results i n d i c a t e that few shad are p r e s e n t at 
S t a t i o n 2; this was the case t h r o u g h o u t the bay in w a t e r s 
s h a l l o w e r than 20 m e t e r s . Station 2 is 12-14 meters deep 
d e p e n d i n g upon the lake l e v e l . While oxygen does d e c l i n e 
from s u r f a c e to b o t t o m at Station 2 , the m a g n i t u d e of d e c l i n e 
c o r r e s p o n d s a p p r o x i m a t e l y to the "daytime" c o n d i t i o n s at d e e p e r 
s t a t i o n s w h e r e shad o c c u r . M a g n i t u d e of oxygen d e c l i n e at 
S t a t i o n 2 n e v e r was as g r e a t as c o m m o n l y m e a s u r e d for "night-
time" c o n d i t i o n s e l s e w h e r e . S i g n i f i c a n t l y Station 2 is in the 
inner bay w h e r e one w o u l d e x p e c t the m o s t s e v e r e oxygen deple-
tion if it w e r e e n t i r e l y a t t r i b u t a b l e to e u t r o p h i c a t i o n caused 
by input from Las Vegas W a s h . 
N u m b e r s c a p t u r e d at S t a t i o n s 8 and 14 a p p e a r e d s i m i l a r on 
4-6 S e p t e m b e r . On 16-17 S e p t e m b e r traps w e r e set at 5 , 1 0 , 
and 20 m at Station 8 . R e s u l t s showed that 88% of the shad 
c a p t u r e d w e r e taken at 10 m . This c o r r e s p o n d e d c l o s e l y with 
c o n c l u s i o n s made from e c h o g r a m s . W e , t h e r e f o r e , c o n c l u d e d that 
T a b l e 4 0 . R e s u l t s of a series of 12 hour fish t r a p p i n g periods at 
S t a t i o n s 2 , 8 and 14. 
S t a t i o n Date Times Depth # of shad X length X w e i g h t % of 
(m) c a p t u r e d (mm) (gms) P o p u l a t i o n 
2 18-19 S e p t . '72 1 9 0 0 - 0 7 3 0 12 10 44.4 1 .0 -
8 4-5 S e p t . '72 2 0 3 0 - 0 8 3 0 10 111 35.3 .40 -
14 5-6 S e p t . '72 2 0 0 0 - 0 8 0 0 10 76 39.5 .57 -
8 16-17 S e p t . '72 1 9 0 0 - 0 7 0 0 5 24 40.0 .90 5.6 
8 16-17 S e p t . '72 1 9 0 0 - 0 7 0 0 10 377 41.0 .70 88.3 
8 16-17 S e p t . ' 72 1 9 0 0 - 0 7 0 0 20 26 39.3 1 .1 6.1 
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g e n e r a l i z a t i o n s r e g a r d i n g shad d i s t r i b u t i o n made from echo-
grams had r e l i a b i l i t y . 
The h o r i z o n t a l and vertical d i s t r i b u t i o n of shad in the 
bay was m e a s u r e d with s o n a r t h r o u g h o u t the y e a r . Figure 55 
shows the typical d i s t r i b u t i o n a l pattern of shad on various 
d a t e s . The e c h o g r a m for 7 May is r e p r e s e n t a t i v e of the e n t i r e 
w i n t e r and early s p r i n g and shows the p r e s e n c e of very few f i s h . 
The e c h o g r a m for 10 July is typical of the s u m m e r m o n t h s with 
m o s t of the shad o c c u r r i n g in the e p i l i m n i o n above the thermo-
c l i n e ; 24 O c t o b e r and 6 N o v e m b e r are typical of the fall p a t t e r n . 
It is i n t e r e s t i n g to e x a m i n e w h a t h a p p e n s in the fall when 
thermal s t r a t i f i c a t i o n begins to b r e a k , and the t h e r m o c l i n e 
g r a d u a l l y s i n k s . For I n s t a n c e on 24 O c t o b e r the t e m p e r a t u r e 
c h a n g e occurs m a i n l y from 25-35 meters (Fig. 4 7 ) , and as Figure 
55 shows m o s t of the shad are also located from 25-35 m e t e r s . 
O2 d e p l e t i o n also b e c a m e p r o n o u n c e d at 20 meters and reached 
a low at 35 m e t e r s . The same s i t u a t i o n e x i s t e d on 6 N o v e m b e r , 
e x c e p t t h a t the t e m p e r a t u r e change and shad layer had d r o p p e d 
to 35-45 meters and as F i g . 4 7 reveals C^ d e p l e t i o n also was 
p r o n o u n c e d at those d e p t h s . 
The o b v i o u s q u e s t i o n is w h / d o shad follow the t h e r m o c l i n e 
as it g r a d u a l l y d r o p s . One p o s s i b l e e x p l a n a t i o n w o u l d be b e c a u s e 
of a t e m p e r a t u r e p r e f e r e n c e . But this seems u n l i k e l y since 
d u r i n g each period (10 J u l y , 24 O c t o b e r , and 6 N o v e m b e r ) the 
t e m p e r a t u r e at the t h e r m o c l i n e is d i f f e r e n t . 
An a l t e r n a t i v e s u g g e s t i o n is that at the t h e r m o c l i n e there 
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is a s l i g h t d e n s i t y change which p r o v i d e s a s u r f a c e through 
which s i n k i n g rates of o r g a n i c debris are g r e a t l y s l o w e d , 
e s s e n t i a l l y c o n c e n t r a t i n g them on a h o r i z o n t a l plane through-
out the l a k e . Perhaps the p l a n k t o n p o p u l a t i o n s in the epi-
limnion do not p r o v i d e a s u f f i c i e n t l a r g e , p r e f e r r e d food 
source to s u p p l y the r e q u i r e m e n t s of the shad p o p u l a t i o n . Shad 
t h e r e f o r e c o n g r e g a t e near the t h e r m o c l i n e , e a t i n g the s u s p e n d e d 
o r g a n i c m a t e r i a l which c o l l e c t s t h e r e . At this stage of anal-
ysis this appears to be a valid h y p o t h e s i s for two r e a s o n s : 
1) shad utilize debris in t h e i r diet to a large d e g r e e (Deacon 
et. a l . , 1 9 7 1 ) ; 2) few shad w e r e e n c o u n t e r e d at Station 2 w h e r e 
there is a h i g h e r s u r f a c e p l a n k t o n p o p u l a t i o n than occurs at 
the o u t e r s t a t i o n s . Station 2 h o w e v e r does not t h e r m a l l y 
s t r a t i f y . 
While the r e a s o n s for c o n c e n t r a t i o n of shad near the 
t h e r m o c l i n e may be s u b j e c t to some q u e s t i o n , the fact of t h e i r 
c o n c e n t r a t i o n there is not q u e s t i o n a b l e . The e f f e c t of c r o w d i n g 
of such a large b i o m a s s into a r e l a t i v e l y small volume must be 
c o n s i d e r a b l e . Our m e a s u r e m e n t s , s u m m a r i z e d in F i g s . 4 7 - 5 1 , 
show that in the zone of shad c o n c e n t r a t i o n the f o l l o w i n g 
p h e n o m e n a o c c u r : 1) oxygen is d e p l e t e d , 2) viable b a c t e r i a 
show a m a r k e d i n c r e a s e , 3) c o l i f o r m b a c t e r i a show an i n c r e a s e , 
4) n u t r i e n t s ( N H ^ , NO2 and N O 3 , d i s s o l v e d P and total P) show 
an i n c r e a s e , 5) a l k a l i n i t y i n c r e a s e s , and 6) pH d e c r e a s e s . 
The general h y p o t h e s i s e m e r g i n g from these data is that 
t h r e a d f i n shad c o n c e n t r a t e at the t h e r m o c l i n e p r i m a r i l y to feed 
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on the a c c u m u l a t e d o r g a n i c debris at that l o c a t i o n . S e c o n d a r i l y 
they may be a t t r a c t e d to that area by a c o m b i n a t i o n of t e m p e r -
ature and i l l u m i n a t i o n p r e f e r e n c e . The c o n c e n t r a t i o n of b i o m a s s 
at a s i n g l e level in Lake Mead results in p r o d u c t i o n of rela-
t i v e l y large q u a n t i t i e s of fecal and m e t a b o l i c w a s t e s which 
t o g e t h e r with the o r g a n i c debris a c c u m u l a t e d there b e c a u s e of 
the d e n s i t y d i s c o n t i n u i t y p r o v i d e s s u b s t r a t e for growth of 
b a c t e r i a . The s u m m a t i o n of the b i o l o g i c a l a c t i v i t y at or near 
the t h e r m o c l i n e causes oxygen d e p l e t i o n and results in an 
i n c r e a s e in n u t r i e n t l e v e l s . The c o n d i t i o n is m o s t s e v e r e in 
Las Vegas Bay b e c a u s e of the added i n f l u e n c e of the n u t r i e n t 
and b a c t e r i a - r i c h w a t e r s of Las Vegas W a s h . If this h y p o t h e s i s 
is c o r r e c t one w o u l d e x p e c t a general r e l a t i o n s h i p between 
shad d e n s i t y and m a g n i t u d e of oxygen d e p l e t i o n in Lake M e a d . 
A few s a m p l e s from Gregg B a s i n , T e m p l e B a s i n , Virgin B a s i n , 
O v e r t o n Arm and B o u l d e r Basin s u g g e s t that this general rela-
t i o n s h i p does e x i s t . O t h e r h y p o t h e s e s could perhaps be deve-
loped to e x p l a i n or I n t e r p r e t the d a t a . The one p r e s e n t e d 
here seems most c o n s i s t e n t with the data at this t i m e . Par-
t i c u l a r l y t r o u b l e s o m e is the role played by i m p o u n d m e n t of 
Lake P o w e l l . If the limited data for that period are c o r r e c t 
the e f f e c t of i m p o u n d m e n t m u s t have been both m a r k e d and 
i m m e d i a t e . 
D I S C U S S I O N 
This study was m o t i v a t e d and funded by a desire to de-
fine the general b i o l o g i c a l c o n d i t i o n of Las Vegas Bay of 
Lake Mead and a t t e m p t a p r e d i c t i o n of the e f f e c t s of various 
a l t e r n a t i v e m a n i p u l a t i o n s of Las Vegas W a s h . Early in the 
study it was a p p a r e n t that the m o s t p r o b a b l e m a n i p u l a t i o n of 
Las Vegas Wash w o u l d be to e x p o r t much of the w a t e r out of 
Las Vegas V a l l e y . The d i s c u s s i o n below is t h e r e f o r e d i r e c t e d 
toward the two main o b j e c t i v e s with special e m p h a s i s on the 
e f f e c t s of e l i m i n a t i n g much of the inflow from Las Vegas W a s h . 
B e c a u s e of the c o n t i n u a l need for a s s e s s m e n t of the e f f e c t s 
of m a n i p u l a t i o n and the c o n t i n u a l l y c h a n g i n g c o n d i t i o n s in 
the l a k e , it is a p p a r e n t that c o n t i n o u s study of Lake Mead 
and the lower C o l o r a d o s y s t e m is e s s e n t i a l . 
N u m e r o u s Indices have been p r o p o s e d to aid in c l a s s i f y i n g 
w a t e r s in a way that permits c o m p a r i s o n of various w a t e r s and 
a s s e s s m e n t of changes with t i m e . These indices use s t a n d i n g 
c r o p s , n u t r i e n t r a t i o s , rates of p r o d u c t i o n , p r e s e n c e or ab-
sence of i n d i c a t o r o r g a n i s m s , p h y s i c a l - c h e m i c a l c h a r a c t e r i s t i c s 
of the w a t e r s or m o r p h o l o g i c a l f e a t u r e s of the lake basin as 
means of c l a s s i f i c a t i o n . 
Lund (1969) points out that in general the q u a n t i t y of 
p h y t o p l a n k t o n p r e s e n t at a given time is w h a t is o b j e c t i o n a b l e 
r e g a r d l e s s of how long it took to p r o d u c e the m a t e r i a l . Mean 
n u m b e r s of p h y t o p l a n k t o n for i n n e r , m i d d l e and outer portions 
of Las Vegas Bay are i n d i c a t e d in F i g . 5 6 . Yearly m a x i m a for 
and o u t e r portions of Las Vegas B a y , Lake M e a d . 
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the three areas w e r e a b o u t 4 3 0 0 0 , 8500 and 5000 per ml 
r e s p e c t i v e l y , w h i l e minima w e r e about 1 4 0 , 66 and 50 per m l , 
r e s p e c t i v e l y . Mean n u m b e r s e x c e e d e d 5000 per ml at the m i d d l e 
bay s t a t i o n s for a two week period in J u l y . For inner bay 
s t a t i o n s counts e x c e e d e d 5000 per ml d u r i n g m o s t of J u l y , 
A u g u s t , S e p t e m b e r and O c t o b e r . While firm s t a t e m e n t s r e g a r d -
ing u n d e s i r a b l e n u m b e r s of p h y t o p l a n k t o n have not been m a d e , 
Lund (1969) points out that when d i a t o m s e x c e e d 1000/ml they 
can b e c o m e t r o u b l e s o m e in a w a t e r w o r k s . Lackey (1949) arbi-
t r a r i l y d e f i n e d a bloom as 500 cells per m l . Using that cri-
terion M a c k e n t h u n (1969) p o i n t e d out that large areas of Lake 
M i c h i g a n , e s p e c i a l l y along the e a s t e r n s h o r e , c o n t a i n e d blooms 
of p h y t o p l a n k t o n d u r i n g the s u m m e r of 1962 and Beeton (1965) 
r e p o r t e d counts of 4 5 0 - 1 2 0 0 0 p l a n k t e r s / m l with a mean of about 
4 5 0 0 / m l . West and M a c k e n t h a n (1966) also found blooms of 1000 
to n e a r l y 4000 o r g a n i s m s per ml in Lake Tahoe at the Tahoe City 
b o a t h a r b o r d u r i n g April and July 1 9 6 2 . By c o n t r a s t M a c k e n t h u n 
( 1 9 6 9 ) also r e p o r t e d p h y t o p l a n k t o n counts r a n g i n g between 600 
and 212000 per ml from Lake S e b a s t i c o o k , Maine w h e r e a p o l l u t i o n 
p r o b l e m c l e a r l y e x i s t e d . Lund (1969) reports d i a t o m m a x i m a 
from several English lakes r a n g i n g from less than 100 to 40000 
per m l . Funk and Oaufin (1971) r e p o r t more than 4000 cells/ml 
for b l o o m p r o d u c i n g s p e c i e s in the Viva N a u g h t o n , W y o m i n g . 
This small s a m p l e i n d i c a t e s the c o n s i d e r a b l e v a r i a b i l i t y 
i n v o l v e d in m a k i n g j u d g e m e n t s based s o l e l y on numbers of plank-
t e r s . N e v e r t h e l e s s it is a p p a r e n t that Las Vegas Bay does not 
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contain p l a n k t o n p o p u l a t i o n s as dense as those o c c u r r i n g in 
s e v e r e l y p o l l u t e d lakes but does contain p o p u l a t i o n s in the 
i n n e r bay d u r i n g the s u m m e r that compare with d e n s i t i e s con-
s i d e r e d to i n d i c a t e e u t r o p h i c c o n d i t i o n s . The p l a n k t o n p o p u l a t i o n 
d e n s i t i e s of the m i d d l e and o u t e r bay on the o t h e r hand serve 
to e m p h a s i z e the r e a l i t y of R o h l i c h ' s s t a t e m e n t in his s u m m a r y 
r e m a r k s f o l l o w i n g the 1967 I n t e r n a t i o n a l S y m p o s i u m on Eutro-
p h i c a t i o n , " . . . F u r t h e r m o r e , we need b e t t e r d o c u m e n t a t i o n 
of the n u m b e r s and s p e c i e s of algae that are c o n s i d e r e d a 
n u i s a n c e . " 
A d d i t i o n of n u t r i e n t s has long been r e c o g n i z e d as one 
means of i n c r e a s i n g p r i m a r y p r o d u c t i v i t y of a w a t e r b o d y . 
Thomas (1969) s u m m a r i z e d much of the i n f o r m a t i o n a v a i l a b l e 
on n u t r i e n t a d d i t i o n in E u r o p e a n lakes and d e v e l o p e d a s c h e m e 
of e u t r o p h i c a t i o n based on n u t r i e n t r a t i o s . M o r e o v e r he 
p o i n t e d out that o l i g o t r o p h i c lakes on which man has had little 
or no i n f l u e n c e all have p h o s p h a t e as the l i m i t i n g n u t r i e n t 
and that the p r e s e n c e of free n i t r a t e ions t h r o u g h o u t the 
y e a r i n d i c a t e s the lake's p r i m i t i v e s t a g e . As p h o s p h a t e i n p u t 
i n c r e a s e s the algae are able to use larger p r o p o r t i o n s of the 
a v a i l a b l e n i t r a t e until f i n a l l y n i t r a t e may b e c o m e the l i m i t i n g 
n u t r i e n t . Using the s c h e m e of e u t r o p h i c a t i o n p r o p o s e d by Thomas 
(1969) for data g a t h e r e d at both S t a t i o n s 1 and 1 4 , Las Vegas 
Bay of Lake Mead falls into his o l i g o t r o p h i c - m e s o t r o p h i c cat-
e g o r y -- the f i r s t step toward e u t r o p h i c a t i o n in an o l i g o t r o p h i c 
l a k e . 
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Data p r e s e n t e d in Table 41 i n d i c a t e that c o n d i t i o n s at 
S t a t i o n 1 are d e a r l y more e u t r o p h i c in c h a r a c t e r than at Sta-
tion 14. Many n u t r i e n t s o c c u r in h i g h e r c o n c e n t r a t i o n at 
Station 1. In a d d i t i o n the ranges of c o n c e n t r a t i o n s for a m m o n i a , 
n i t r o g e n , d i s s o l v e d P , C I , S O 4 , M g , S i 0 2 , O2 p H , and c o n d u c t i v i t y 
are g r e a t e r at Station 1 than at Station 14. This i n f o r m a t i o n 
plus the fact that data p r e s e n t e d in Table 31 i n d i c a t e algal 
growth at Station 1 to be p r i m a r i l y n i t r a t e - l i m i t e d points 
c o n s i s t e n t l y to the g r e a t e r e u t r o p h i c a t i o n of the inner bay 
than e l s e w h e r e in Las Vegas B a y . Data in T a b l e 41 s u g g e s t 
that n u t r i e n t l i m i t a t i o n to algal growth at Station 14 may 
i n v o l v e e i t h e r n i t r o g e n or p h o s p h o r u s at d i f f e r e n t times of 
the y e a r . 
E d m o n d s o n ( 1 9 6 9 ) , r e v i e w i n g e u t r o p h i c a t i o n in North 
A m e r i c a , points out that few l i m n o l o g i c a l i n v e s t i g a t i o n s 
have been of long enough d u r a t i o n to p r o v i d e c o n t i n u o u s in-
f o r m a t i o n on the p r o c e s s . Some i n f o r m a t i o n on n u t r i e n t bal-
ance is h o w e v e r of i n t e r e s t . W i n t e r t i m e m a x i m a for i n o r g a n i c 
n i t r o g e n of 1.2 mg per l i t e r , for d i s s o l v e d p h o s p h o r u s of 
.011 mg per l i t e r and for total p h o s p h o r u s of .05 mg per liter 
have been r e c o r d e d for Lake S e b a s t i c o o k , M a i n e . Some reser-
voirs on the M i s s o u r i River d e v e l o p total p h o s p h o r u s concen-
t r a t i o n s of m o r e than 1 mg per l i t e r . M a x i m u m c o n c e n t r a t i o n s 
of p h o s p h o r u s and n i t r o g e n d e v e l o p during the w i n t e r in Lake 
W a s h i n g t o n and w e r e about .06 and .55 mg per liter r e s p e c t i v e l y . 
By c o m p a r i s o n m a x i m u m c o n c e n t r a t i o n s of p h o s p h o r u s and n i t r o g e n 
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Table 41. M a x i m u m and m i n i m u m values ( p p m , e x c e p t w h e r e other-
w i s e i n d i c a t e d ) for various physical and chemical 
p a r a m e t e r s at S t a t i o n s 1 and 1 4 , Las Vegas B a y , 
Lake M e a d , 1 9 7 2 . 
Station 1 Station 14 
m i n . m a x . m i n . m a x . 
NO? + NO3 - N .01 .02 .02 .09 
NH3 - N .03 .11 .02 .07 
CaC03 85 108 84 110 
PO4 - d i s s o l v e d P .02 1 .0 .00 .05 
P O 4 - total P 
H C O 3 113 158 120 162 
C O 3 0 0 0 0 
CI 103 125 97.0 99.5 
S O 4 326 377 312 337 
F . 32 .37 .31 .34 
Na 113 128 102 112 
K 5.03 6.25 4.0 5.8 
Ca 82.1 84.4 76.2 90.2 
Mg 32.8 36.6 30.2 32.2 
SIO2 4.2 10.2 7.8 8.8 
TDS 841 841 814 814 
Oxygen ( s u r f a c e ) 8.1 17.4 7.2 12.2 
Oxygen (at m i n . 
point in ver-
tical p r o f i l e ) 
pH 7.9 8.8 8.1 8.6 
T e m p e r a t u r e 8.5 28.3 1 1 . 0 27.0 
C o n d u c t i v i t y 700 2100 700 1800 
( m i c r o m l o h s - c m ) 
( 
1 70 
at Station 14 of Las Vegas Bay was .05 and .09 and in the head 
of Las Vegas Bay 1.0 and .02 mg per l i t e r , r e s p e c t i v e l y . It 
seems a p p a r e n t that by c o m p a r i s o n with o t h e r e u t r o p h i c lakes 
in North A m e r i c a , Las Vegas Bay contains r e l a t i v e l y high phos-
phorus and r e l a t i v e l y low n i t r o g e n . 
The study of algal growth potential ( F W Q A , 1970) c o n d u c t e d 
in Lake Mead i n d i c a t e d that algal growth was p r i m a r i l y phos-
p h a t e - l i m i t e d . Our e v i d e n c e s u g g e s t s n i t r a t e l i m i t a t i o n at 
Station 1. U n f o r t u n a t e l y our t e c h n i q u e s w e r e too crude to 
p r o v i d e i n d i c a t i o n s of l i m i t i n g n u t r i e n t s at Station 1 4 . The 
s u g g e s t i o n we are left with is that n u t r i e n t input near Sta-
tion 1 p r o v i d e s s u f f i c i e n t q u a n t i t i e s of p h o s p h o r u s to p e r m i t 
algal growth to p r o c e e d to the point of u t i l i z a t i o n of avail-
able n i t r o g e n until it b e c o m e s l i m i t i n g . F a r t h e r into the 
bay and lake f o l l o w i n g b i o t i c and a b i o t i c removal of i n f l u e n t 
p h o s p h o r u s , that e l e m e n t again b e c o m e s l i m i t i n g as is the 
usual s i t u a t i o n . The s a m p l e s for the FWQA study were taken 
f a r t h e r into the bay than Station 1 and t h e r e f o r e r e f l e c t the 
c o n d i t i o n of p h o s p h o r u s l i m i t a t i o n . 
H u t c h i n s o n (1967) and Rawson (1956) d i s c u s s the problems 
of using p h y t o p l a n k t o n genera as i n d i c a t o r o r g a n i s m s in the 
t r o p h i c c l a s s i f i c a t i o n of l a k e s . They each s u g g e s t certain 
genera that have been used m e a n i n g f u l l y s o m e w h e r e in the w o r l d 
( H u t c h i n s o n , 1 9 6 7 ) or in lakes in w e s t e r n Canada ( R a w s o n , 1956) 
to i n d i c a t e the t r o p h i c p o s i t i o n of the l a k e . Table 42 sum-
m a r i z e s their data and compares d o m i n a n t genera in Lake Mead 
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Table 42. D o m i n a n t p h y t o p l a n k t o n genera o c c u r r i n g in Lake 
Mead c o m p a r e d with i n d i c a t o r o r g a n i s m s as class-
ified by H u t c h i n s o n , 1 9 6 7 . 
O l i g o t r o p h i c M e s o t r o p h i c E u t r o p h i c Lake Mead 
A s t e r i o n e l l a * 
B o t r y o c o c c u s 
C e r a t i u m 
C o s m a r i u m 
C y c l o t e l l a 
D e n t i c u l a 
D i n o b r y o n * 
F r a g i l a r i a 
G l o e o c y s t i s 
H a l o t h e c a 
M a l l o m o n a s 
M e l o s i r a * 
O o c y s t i s 
P e r i d i n i u m 
R h i z o s o l e n i a 
S p h a e r o c y s t i s 
S t a u r a s t r u m 
S t a u r o d e s m u s 
S y n e d r a 
T a b e l l a r i a * 
U r o g l e n a 
C e r a t i u m * 
F r a g i l a r i a * * 
G l e n o d i n i u m 
M e l o s i r a * * 
P e d i a s t r u m * * 
P e r i d i n i u m 
S t a u r a s t r u m * * 
S t e p h a n o d i s c u s * * 
A n a b a e n a * 
A n a c y s t i s 
A p h a n i z o m e n o n * 
A r t h r o s p i r a 
A s t e r i o n e l l a 
C o e l o s p h a e r i u m * * 
Euglena 
G l o e o t r i c h i a 
L e p o c i n c l i s 
L y n g b y a 
M e l o s i r a 
M i c r o c y s t i s * * 
N o d u l a r i a 
O s c i l l a t o r i a 
P e d i a s t r u m * 
S c e n e d e s m u s 
S t a u r a s t r u m 
S t e p h a n o d l s c u s 
S y n e d r a 
T r a c h e l o m o n a s 
A n a b a e n a 
C a r t e r i a 
C h l a m y d o m o n a s 
Colonial Green 
C y c l o t e l l a * 
F r a g i l a r i a 
G l e n o d i n i u m 
N a v i c u l a 
Phacotus 
* C l a s s i f i e d here also by Rawson (1956) 
** C l a s s i f i e d here by Rawson (1956) but not by H u t c h i n s o n (1967) 
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with their c l a s s i f i c a t i o n . We find that one of the nine genera 
( A n a b a e n a ) to e x e r t clear d o m i n a n c e in Lake Mead at some time 
during the y e a r is r e c o g n i z e d by both H u t c h i n s o n (1967) and 
Rawson (1956) as an e u t r o p h i c i n d i c a t o r . A n a b a e n a was domin-
ant or at least p r o m i n e n t in the p l a n k t o n from late July 
through O c t o b e r . G l e n o d i n i u m , listed by H u t c h i n s o n (1967) as 
a m e s o t r o p h i c i n d i c a t o r , was p r o m i n e n t in the inner and m i d d l e 
bays (Table 4 3 ) from late July through O c t o b e r . The genus also 
o c c u r r e d in the o u t e r b a y . F r a g i l a r i a is i n c l u d e d by H u t c h i n s o n 
( 1 9 6 7 ) as a genus that can b e c o m e very a b u n d a n t in o l i g o t r o p h i c 
lakes of central Europe u s u a l l y h a v i n g C y c l o t e l l a as the dom-
inant f o r m . F r a g i l a r i a is regarded by Rawson (1956) to be a 
m e s o t r o p h i c I n d i c a t o r in w e s t e r n C a n a d a . He points out that 
C y c l o t e l l a , often found in h i g h l y o l i g o t r o p h i c lakes of E u r o p e , 
is not d o m i n a n t or even p a r t i c u l a r l y common in lakes of w e s t e r n 
C a n a d a . C y c l o t e l l a is p r o p o s e d by H u t c h i n s o n as an i n d i c a t o r 
of o l i g o t r o p h i c c o n d i t i o n s when it occurs as a d o m i n a n t f o r m . 
The genus o c c u r r e d as a c o - d o m i n a n t with A n a b a e n a in Lake Mead 
from about m i d - J u l y through O c t o b e r . I n t e r e s t i n g l y C y c l o t e l l a 
tended to m a i n t a i n d o m i n a n c e over A n a b a e n a in the inner bay 
w h i l e the o p p o s i t e s i t u a t i o n most f r e q u e n t l y o c c u r r e d in the 
m i d d l e and outer b a y s . Colonial green algae w e r e d o m i n a n t from 
m i d - J u n e through early J u l y . 
The o t h e r genera to a c h i e v e d o m i n a n c e or p r o m i n e n c e in Las 
Vegas Bay are not i n c l u d e d as i n d i c a t o r o r g a n i s m s by H u t c h i n s o n 
( 1 9 6 7 ) or Rawson ( 1 9 5 6 ) . 
T a b l e 4 3 . D o m i n a n t p h y t o p l a n k t o n g e n e r a (more than 
500 per m l ) o c c u r r i n g in Las V e g a s Bay of 
L a k e M e a d at s o m e time d u r i n g 1 9 7 2 . 
I n n e r M i d d l e O u t e r 
Bay Bay Bay 
C a r t e r i a X X 
A n a b a e n a X X X 
G l e n o d i n i u m X X 
C y c l o t e l l a X X X 
C o l o n i a l Green X X X 
C h l a m y d o m o n a s X X 
N a v i c u l a X X X 
P h a c o t u s X 
F r a g i l a r i a X X 
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This a n a l y s i s leaves us with the i m p r e s s i o n that Lake 
M e a d , based on i n d i c a t o r o r g a n i s m s , has c h a r a c t e r i s t i c s of 
both e u t r o p h i c and o l i g o t r o p h i c w a t e r s and t h e r e f o r e is prob-
ably b e s t r e g a r d e d as m e s o t r o p h i c . It w o u l d be useful to 
have c o n c u r r e n t data from e l s e w h e r e in the lake as a means 
of b e t t e r p l a c i n g Las Vegas Bay in p e r s p e c t i v e . 
P r i m a r y p r o d u c t i v i t y has been used f r e q u e n t l y and in-
c r e a s i n g l y as an index of e u t r o p h i c a t i o n . Table 44 s u m m a r i z e s 
data from n u m e r o u s s o u r c e s . Rodhe (1969) d e v e l o p s useful gen-
e r a l i z a t i o n s r e g a r d i n g the u t i l i t y of this t e c h n i q u e and pro-
poses a t e n t a t i v e c l a s s i f i c a t i o n of lake types based on m e a s u r e -
ments of p r i m a r y p r o d u c t i v i t y . He points out that c o m p a r i s o n s 
b e t w e e n b i o m a s s of p r o d u c e r s and rates of daily p r o d u c t i v i t y 
i n d i c a t e in general a d i r e c t r e l a t i o n s h i p d e s p i t e w i d e v a r i a t i o n s 
in certain c a s e s . This general r e l a t i o n s h i p he b e l i e v e s justi-
fies the use of p h y t o p l a n k t o n p r o d u c t i v i t y in place of phyto-
p l a n k t o n q u a n t i t y for d e t e r m i n i n g the t r o p h i c c l a s s i f i c a t i o n 
of l a k e s . In e s s e n c e Rodhe is p r o p o s i n g that p r o d u c t i v i t y 
m e a s u r e m e n t s be used to give a d d i t i o n a l i n s i g h t into u n d e r s t a n d i n g 
lake e c o s y s t e m s . He is careful to point out h o w e v e r that pri-
mary p r o d u c t i o n at a station may f l u c t u a t e c o n s i d e r a b l y from 
day to day b e c a u s e of the w e l l - k n o w n p a t c h i n e s s of p h y t o p l a n k t o n 
d i s t r i b u t i o n and b e c a u s e of wind action and that seasonal varia-
tions may also be very l a r g e . T h e r e f o r e a thorough study t h r o u g h -
out the y e a r is e s s e n t i a l if one is to a c h i e v e a r e l i a b l e assess-
ment using this t e c h n i q u e . For these reasons few lakes have been 
Table 4 4 . Primary p r o d u c t i v i t y in lakes from various areas of the w o r l d . 
L o c a t i o n M a x . 
f i x a t i o n 
carb^ 
(g/m' -/day) 
M a x . d i s s o l v e d 
P (mg/1) T o t . P 
M a x . i n o r g a n i c 
N (mg/1) 
Secchi disc (m) 
m a x . m i n . 
Lake W a s h i n g t o n 6 .09 .06 .55 0.7 
Lake S e b a s t i c o o k .011 .05 1 .2 2.6 0.9 
Lake W i n n i s q u a m 0 .32 7.1 
Lake E r k e n , Sweden 2 
Lake E s r o m , Denmark 2 
f e r t i l i z e d Danish lakes 6 
Lake Mead 3 .2 1.0 .09 
Lake Viva N a u g h t o n * 1 .2 
3 
* e s t i m a t e d from data e x p r e s s e d as mg C/m /hr -- Funk and Gaufin 
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e v a l u a t e d using this t e c h n i q u e . 
Lake Mead was the s u b j e c t of a s t u d y by E v e r e t t (1972) in 
which an a s s e s s m e n t of p r i m a r y p r o d u c t i v i t y was m a d e . The 
study r e s u l t e d in E v e r e t t c o n c l u d i n g that " . . . the ppr 
values have moved the lake into a p o l l u t e d e u t r o p h i c state." 
E a r l i e r reports and c o m m e n t s made by E v e r e t t d u r i n g the course 
of his i n v e s t i g a t i o n s i n d i c a t e d that he had shown Lake Mead to 
be "more e u t r o p h i c than Lake Erie" and that he e x p e c t e d condi-
tions to d e t e r i o r a t e to the point of c a u s i n g m a s s i v e fish kills 
unless c o r r e c t i v e action w e r e taken soon to a m e l i o r a t e the 
p o l l u t i o n o r i g i n a t i n g from Las Vegas W a s h . Since these con-
c l u s i o n s a p p e a r to be s o m e w h a t at v a r i a n c e with ours we must 
a t t e m p t to r e c o n c i l e thsm. 
On five o c c a s s i o n s during the y e a r E v e r e t t made m e a s u r e -
ments of p r i m a r y p r o d u c t i v i t y at e i g h t s t a t i o n s . At each sta-
t i o n , single s a m p l e s of w a t e r from 0 , 1 , 3 , 5 , 7 , 1 0 , 15 and 
20 m e t e r depths w e r e i n c u b a t e d for a four hour period in an 
e n v i r o n m e n t to w h i c h C ^ had been a d d e d . I n c u b a t i o n , c o u n t i n g 
and other m e t h o d s used were s t a n d a r d for this p r o c e d u r e . No 
a t t e m p t was made to assess the v a r i a b i l i t y of the m e a s u r e m e n t s 
at a single s t a t i o n , t h e r e f o r e it is i m p o s s i b l e to e v a l u a t e 
the v a l i d i t y of the t e c h n i q u e s used or their r e l a t i o n s h i p to 
actual c o n d i t i o n s in the l a k e . S i m i l a r l y , since m e a s u r e m e n t s 
at a single s t a t i o n w e r e taken on a s i n g l e d a y , it is i m p o s s i b l e 
to e v a l u a t e the d e g r e e to which the m e a s u r e m e n t s r e p r e s e n t con-
d i t i o n s in the area of the lake in which the s t a t i o n s w e r e 
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l o c a t e d . The fact that only five m e a s u r e m e n t s w e r e made 
d u r i n g the y e a r does not p e r m i t e v a l u a t i o n of the r e a l i t y of 
trends that m i g h t have been e l u c i d a t e d by m o r e f r e q u e n t s a m p l i n g . 
In s h o r t , the u n c r i t i c a l a p p r o a c h to s a m p l i n g used by E v e r e t t 
does n o t permit an e v a l u a t i o n of the r e l i a b i l i t y of his r e s u l t s . 
The fact that only one of his s t a t i o n s falls near our s t a t i o n s 
in Las Vegas Bay p e r m i t s only an e v a l u a t i o n of his results 
at that one s t a t i o n by p l a c i n g them in the c o n t e x t of the 
m i l i e u of data we have c o l l e c t e d . 
The trend p r e s e n t e d by E v e r e t t (1972) for Las Vegas Bay 
(his s t a t i o n was located in the m i d d l e b a y ) I n d i c a t e s that 
p r o d u c t i v i t y p r o c e e d e d from l o w e s t to h i g h e s t in the f o l l o w i n g 
p a t t e r n : J a n u a r y , A p r i l , J u n e , N o v e m b e r , S e p t e m b e r . F u r t h e r , 
the ratio of these i n c r e a s e s was a b o u t 1 : 1 . 5 : 2 : 3 : 5 . 3 . Our 
data on p h y t o p l a n k t o n n u m b e r s , w h i l e c l e a r l y m e a s u r i n g a 
p a r a m e t e r only g e n e r a l l y related to p r i m a r y p r o d u c t i o n i n d i c a t e s 
that e x t r e m e v a r i a b i l i t y is involved during the period referred 
to a b o v e . In the m i d d l e bay our a v e r a g e values (Fig. 56) 
i n d i c a t e that a general pattern of i n c r e a s i n g p r o d u c t i v i t y 
for the months i n d i c a t e d above m i g h t be in the f o l l o w i n g o r d e r : 
A p r i l , J a n u a r y , N o v e m b e r , J u n e , S e p t e m b e r . Of perhaps g r e a t e r 
s i g n i f i c a n c e is the d e m o n s t r a t i o n that from 10 July to 8 Aug-
ust p h y t o p l a n k t o n a b u n d a n c e in the m i d d l e bay i n c r e a s e d and 
d e c r e a s e d a b o u t 24 fold or 2400 p e r c e n t ! E x a m i n a t i o n of the 
v a r i a b i l i t y i l l u s t r a t e d in Fig.56 and e l s e w h e r e in this r e p o r t 
p r o v i d e s a d e q u a t e d o c u m e n t a t i o n for u n d e r s t a n d i n g the fruit-
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lessrtess of f u r t h e r a t t e m p t s at r e c o n c i l i n g our data with that 
d e v e l o p e d by E v e r e t t ( 1 9 7 2 ) . His long i n t e r v a l s between sam-
pling coupled with his f a i l u r e to e v a l u a t e his m e t h o d s and 
s u p e r i m p o s e d on the d e m o n s t r a t e d v a r i a b i l i t y of p h y t o p l a n k t o n 
a b u n d a n c e in Las Vegas Bay forces us to c o n c l u d e that E v e r e t t ' s 
data on p r i m a r y p r o d u c t i v i t y can serve no useful means of 
e v a l u a t i n g l i m n o l o g i c a l c o n d i t i o n s in Lake M e a d . It w o u l d 
be helpful to d e v e l o p r e l i a b l e i n f o r m a t i o n on p r i m a r y produc-
tivity in Lake Mead f o l l o w i n g the p r i n c i p l e s s u g g e s t e d by 
Rodhe (1969) m e n t i o n e d e a r l i e r and c o u p l e d with an e v a l u a t i o n 
of the m e t h o d s u s e d . 
In general Las Vegas Bay appears to be m e s o t r o p h i c with 
the inner portion of the bay e x h i b i t i n g e u t r o p h i c c o n d i t i o n s . 
The special features of c l i m a t e , basin m o r p h o l o g y , c h a r a c t e r -
istics of the d r a i n a g e b a s i n , m a n a g e m e n t of w a t e r in the lake 
and i n t e r e s t i n g b i o l o g i c a l i n t e r a c t i o n s s u p e r i m p o s e an a l m o s t 
b e w i l d e r i n g v a r i e t y of c o n d i t i o n s on the general c h a r a c t e r i s t i c s . 
For e x a m p l e , w a r m t e m p e r a t u r e s speed up m e t a b o l i c r e a c t i o n s 
c a u s i n g h i g h e r p r o d u c t i v i t i e s than w o u l d likely o c c u r in more 
t y p i c a l l y north t e m p e r a t e w a t e r s . The deep w a t e r s coupled with 
a p p a r e n t l y c o m p l e x c u r r e n t s m a i n t a i n an o x y g e n a t e d h y p o ! i m n i o n 
which in turn m a i n t a i n s an a e r a t e d s e d i m e n t s u r f a c e that there-
fore does not p r o v i d e a n u t r i e n t s o u r c e for the l a k e . The high 
salt c o n t e n t of the d r a i n a g e basin coupled with high rates of 
e v a p o r a t i o n produce i n c r e a s i n g levels of total d i s s o l v e d s o l i d s . 
W a t e r w i t h d r a w a l s at H o o v e r Dam r e s u l t In r e l a t i v e l y rapid 
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f l u s h i n g of lake w a t e r s . N u t r i e n t c y c l i n g a p p e a r s to depend 
a l m o s t e n t i r e l y on b a s i c input s o u r c e s and cycling through 
l i m n e t i c o r g a n i s m s . C e s s a t i o n of i n f l o w i n g w a t e r from Las 
Vegas Wash will c e r t a i n l y m e d i a t e the e u t r o p h i c c h a r a c t e r 
of the inner portion of Las Vegas B a y . Very p r o b a b l y the 
same r e s u l t w o u l d come from d i s p e r s i n g the e f f l u e n t f a r t h e r 
into the Bay or into B o u l d e r B a s i n . A l t e r n a t i v e l y s i g n i f i c a n t 
r e d u c t i o n of n u t r i e n t s through i m p r o v e d t r e a t m e n t w o u l d also 
be r e f l e c t e d r a p i d l y in lower algal p o p u l a t i o n s . 
The q u e s t i o n of how much n u t r i e n t can be u t i l i z e d by 
Lake Mead w i t h o u t d e g r a d a t i o n of w a t e r q u a l i t y is only a p p r o x i -
m a t e l y a p p r o a c h a b l e with p r e s e n t d a t a . The o b s e r v a t i o n that 
only in very r e s t r i c t e d areas of the lake are c o n d i t i o n s likely 
to p e r m i t n u t r i e n t r e g e n e r a t i o n from bottom s e d i m e n t s permits 
a s o m e w h a t e a s i e r s o l u t i o n to the q u e s t i o n than w o u l d o t h e r w i s e 
be the c a s e . P e r t i n e n t i n f o r m a t i o n I n c l u d e s data p r e s e n t e d 
by EPA (1971) in which inflow of p h o s p h o r u s and n i t r o g e n are 
shown to a v e r a g e a b o u t 370 Kg and 1470 Kg per day r e s p e c t i v e l y . 
This n u t r i e n t load o r i g i n a t e s from s e w a g e t r e a t m e n t plants 
and the H e n d e r s o n i n d u s t r i e s . Daily n u t r i e n t o u t p u t by the 
s e w a g e t r e a t m e n t plants a v e r a g e s a b o u t 800 Kg and 1315 Kg of 
p h o s p h o r u s and n i t r o g e n r e s p e c t i v e l y . The d e c r e a s e in phos-
phorus from the p r i m a r y input s o u r c e to the mouth of the wash 
r e f l e c t s uptake by p l a n t s . The i n c r e a s e in n i t r o g e n reflects 
s i g n i f i c a n t q u a n t i t i e s c o n t r i b u t e d by s e e p a g e from the BMI 
ponds s u p e r i m p o s e d on the removal by p l a n t s . Thomas (1969) 
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s u g g e s t s that a m o d e s t e s t i m a t e of per capita p h o s p h a t e phos-
phorus p r o d u c t i o n from s e w a g e is about 2.5 gm per d a y . Using 
that a v e r a g e one w o u l d e x p e c t about 750 Kg of p h o s p h o r u s per 
day to be p r o d u c e d by the 300,000 people of Las Vegas V a l l e y , 
not too far from the 800 Kg a c t u a l l y m e a s u r e d . 
Oswald e t . a l . (1964) s u g g e s t that natural fresh w a t e r s 
are c a p a b l e of a s s i m i l a t i n g about 9 Kg of o x i d i z a b l e o r g a n i c 
m a t t e r per acre per d a y . V i n b e r g , e t . a l . (1970) s u g g e s t that 
r e a s o n a b l e a p p r o x i m a t i o n s for c o n v e r s i o n of dry w e i g h t to P , 
N , and C r e s p e c t i v e l y are . 0 0 3 , .02 and .4. T h e r e f o r e if the 
p h o s p h o r u s load is p r i m a r i l y d e r i v e d from o r g a n i c s o u r c e s , Las 
Vegas Wash w o u l d be e x p e c t e d to c o n t r i b u t e a b o u t 123,000 Kg 
per day of dry o r g a n i c m a t t e r to Lake M e a d . This load could 
be e x p e c t e d to r e q u i r e about 15,000 acres for a s s i m i l a t i o n . 
Lara and Sanders (1970) p r o v i d e data r e g a r d i n g the area of 
the several basins of Lake Mead at various e l e v a t i o n s . A 
r e a s o n a b l e a p p r o x i m a t i o n for B o u l d e r Basin is 25,000 a c r e s . 
This s u g g e s t s that if d i s p e r s a l w e r e not a p r o b l e m , B o u l d e r 
Basin could be e x p e c t e d to a s s i m i l a t e a b o u t 2 2 5 , 0 0 0 Kg of 
o x i d i z a b l e o r g a n i c m a t t e r per d a y , or the e q u i v a l e n t of about 
675 Kg of p h o s p h o r u s . F l u s h i n g time of course w o u l d m o d i f y 
this a s s i m i l a t i v e c a p a c i t y r a t h e r s i g n i f i c a n t l y by c o n t i n u o u s l y 
r e m o v i n g some of the i n f l o w i n g n u t r i e n t s . It is t h e r e f o r e 
p r o b a b l y c o n s e r v a t i v e to s u g g e s t that B o u l d e r Basin is c u r r e n t l y 
r e c e i v i n g a b o u t 50% of its a s s i m i l a t i v e c a p a c i t y of p h o s p h o r u s . 
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B e c a u s e the n e a r l y unique l i m n o l o g i c a l features of Lake 
Mead cause the s e d i m e n t s u r f a c e to act e s s e n t i a l l y as a n u t r i e n t 
s i n k , r e d u c t i o n s in q u a n t i t i e s of n u t r i e n t inflow are likely 
to be r e f l e c t e d a l m o s t i m m e d i a t e l y in r e d u c t i o n s of algal pop-
u l a t i o n s . It seems p r o b a b l e that m a i n t a i n i n g a n u t r i e n t loading 
of less than about 185 Kg of P per day and less than about 
735 Kg of N per day w o u l d a l l e v i a t e the p r o b l e m s caused by 
algal a b u n d a n c e in Las Vegas B a y . This p r o b a b i l i t y b e c o m e s a 
virtual c e r t a i n t y if h y p o l i m n e t i c d i s p e r s i o n of the wash e f f l u -
ent into the main c i r c u l a t i o n of Las Vegas Bay is e f f e c t e d . 
In fact that p r a c t i s e w o u l d p r o b a b l y c o n s i d e r a b l y i n c r e a s e 
a s s i m i l a t i v e c a p a c i t y of the basin by taking a d v a n t a g e of the 
n u t r i e n t sink in the b o t t o m s e d i m e n t s prior to n u t r i e n t cycling 
through the n e k t o n . 
Finally d o m i n a n c e of b l u e - g r e e n algae has long been asso-
ciated with p o l l u t e d lakes or lakes s u f f e r i n g e u t r o p h i c a t i o n 
b e c a u s e of inflow of high q u a n t i t i e s of n u t r i e n t s . The f a i l u r e 
of b l u e - g r e e n algae to d e v e l o p o v e r w h e l m i n g a b u n d a n c e in Lake 
Mead has been p u z z l i n g to some i n v e s t i g a t o r s who felt that 
other i n d i c a t o r s of e u t r o p h i c a t i o n s u g g e s t e d that Lake Mead 
s h o u l d show a g r e a t e r p r e d o m i n a n c e of b l u e - g r e e n a l g a e . King 
(1970) and S h a p i r o (1973) showed that b l u e - g r e e n algae are more 
e f f i c i e n t at o b t a i n i n g CO2 when it is p r e s e n t in low c o n c e n t r a -
tions than are green a l g a e . This s u g g e s t s that when pH is high 
with the c o n s e q u e n t s h i f t of the CO^ e q u i l i b r i u m r e a c t i o n , 
b l u e - g r e e n algae should p r e d o m i n a t e if the n u t r i e n t c o n c e n t r a t i o n s 
are s u f f i c i e n t l y h i g h . In f a c t , S h a p i r o (1973) i n d i c a t e d that 
b l u e - g r e e n algae are more e f f i c i e n t at u t i l i z i n g p h o s p h o r u s 
than are green a l g a e . Since they are also n i t r o g e n fixers 
their s u p p l y of m a c r o - n u t r i e n t s is v i r t u a l l y a s s u r e d . Thus 
as n u t r i e n t s are added to l a k e s , p r o d u c t i v i t y can be e x p e c t e d 
to rise until free CO2 d i s a p p e a r s and b i c a r b o n a t e CO2 m u s t be 
u t i l i z e d . This brings on a rise in pH and the a d v a n t a g e o u s 
CO2 u p t a k e k i n e t i c s of b l u e - g r e e n algae allows them to domin-
a t e . This p r o c e s s a p p a r e n t l y did not o c c u r in Lake M e a d , thus 
e x p l a i n i n g why t r o u b l e s o m e b l u e - g r e e n algal blooms have not 
o c c u r r e d . 
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